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Alp 



Preface 



Hits manual. f&41-0207. describes the operation of the 
IBM 5410 Processing Unit. The manual gives un explan- 
ation of the logical functions of a circuit and the major 
circuit objectives. With this information, the CE can 
interpret the operatiur\of circuits illustrated in the 
companion diagrams martial (DM). 

^«~ 

Other manuals necessary for*thety*'E to understand and 
service the 5410 are: -, 

1 . For instructional and maintenance diagrams, flow- 
charts, and tuning charts:. 
IBM 5410 Processing Unit Diagrams. ■ 
SY3 1-0202 



s 



For maintenance procedures: 

IBM 5410 Processing Unit Maintenance 

Manual, SY3 1-0244 



Second Edition (December 1971) 

This manual is a complete revision of. and obsoletes, SY31-0207-1 and supplements 
SS31-0289 and SS31-0290 

A change to the text or a small change to an illustration isindicated by I vertical 
line to the left of the ch-ange; an extensively changed or added illustration is denoted 
by the symbol • to the left of the caption. 

Some illustrations in jhis manual have a code number in' the lowei corner. This is a 

publishing conjtpl number and is not related to the subject matter. 
■* ■: ■ ^ , 

Changes are cpntinually 4 made.to the specifications herein; any such change will be 
rerwted in subsequent revisions or Technical Newsletters. • 

A Reader's Comrnertt Ffcim is at the back of this publication. If the form has been 
rempved. adjj rcjs y oyr comments to IBM Corporation, Publications, Departmtut 24&. 
Rochester, MdBJMa 55901. 

, w^ 

•^*© Copyright Internationa] Business Machines Corporation 1969, 1970. 1971 
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List of Abbreviations' 



AAR 


A Address Register A 


IPL - 


ALD 


Automated Logic Diagram 


K 


ALU 


Arithmetic and Logic Unit 


LCR 


ARR 


Address Recall Register 


LCRR 


ASCII . 


American National Standard Code for 


LPDAR 




Information Interchange 


LPIAR 


BAR 


B Address Register 


LSR 


BSM 


Basic Storage Module ' 


MAP 


BSCA 


Binary Synchronous Commuiwcation*' * 


MFCU 




Adapter 


MPCAR 


CPU 


Processing Unvt 


MPTAR 


CR 


Condition Register 


MPDAR 


CRR 


Condition Recall Register 


MST 


DA 


Device Address 


ov/oc 


DBI. 


Data Bus In 


PC 


DBO 


Data Bus Out 


PG 


DFDR 


Disk File Data Address Register 


POR 


DFCR 


•Disk File Control Address Register 


PSR 


DPF 


Dual Program Feature 


SAR 


DRR 


Data Recall Register 


SCR 


EBCDIC 


Extended Binary Coded Decimal Inter- 


SDR 




change Code 


SIOC 


Hz 


Hertz 


SMS 


1AR 


Instruction Address Register ; 


S/Z 


I/O 


Input/Output 


uc 

XR 



InitTaTFrogram Load 

Thousand ■ * 

Length Count Register 

Length Count Recall Register 

Line Printer Data Address Register ' 

Line Printer Image Address Register 

Local Storage Register 

Maintenance Analysis Procedure 

Multi-Function Card Unit- 

MFCU Punch Data Address Register 

MFCU Print Data Address Register 

MFCU Read Dfeta Address Register 

Monolithic System Technology 

Overvoltage/Overcarrent 

Parity Check 

Parity Generate 

Power On Reset 

Program Status Register 

Storage Address Register 

Silicon Controlled Rectifier 

Storage Data Register 

Serial Input/Output Channel 

Standard Modujar System 

Sense/Inhibit 

Undercurrent 

Index Register 
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Chapter 1. Introduction 



The IBM System/3 is a compact, high-speed data processing 
system designed to use the 96-column card. The IBM 5410 
Processing Unit (CPU), the control unit tor the System/3, 
is supplemented with tabletop I/O units arranged for 
convenient operation by a single operator. 



-This manual describes Reprocessing unit for the IBM 
System/3. Figure 1-1 shows the system configuration. 



Compact packaging of the IBM System/3 is made possible 
through the use of miniaturized monolithic systems, 
technology (MST) and the small, increased capacity card. 
The minimum system configuration (CPU, MFCU, printer) 
provides for- complete unit record type functions including 
card reading, punching, interpreting, collating, reproducing,' 
summary punching, computing, and printed reports all 
under program control. The addition of disk storage drives, 
with removable disk cartrWges, offers practically unlimited 
data storage growth. 



E 





5203 Printer 




5410 CPU 


I 


5424 MFCU 




Model 1 


TOO LPM 
96 Print 

Positions 
48 Character 

Set 


Model D 


C 




'250 CPU 

Read 

60CRNI 

Punch 

Print 










A02 


8K 


Model A01 






A)3 


A03 


I2K 




• - 




A14 


A04 


16K 








A15 


A05 


24 K 






200 LPM 

132 Print 
Positions 

120 Character 
Set 

Dual Carriage 


500 CPM 
Read 

120 CPM 
Punch 
Print 




Model II 




A16 


A06 


32K 


Model A02 




e 




















• 








8444 Disk 








■ 


Additional Feature: 






2:45 Million 
Bytes 






r~ 




Dual Program 




Data 

Entry 

Keyboard 




4.90 Million. 
Bytes 




■ 


7.35 Million 
Bytes 
















9.80 Million 
Bytes 





I igur* 1-1. System/3 Configuration 
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SYSTEM COMPONENTS 
5410 Proc«/ssincTUflit (CPU) 

The IBM 5410 CPU (Figure 1-2) contains the- facilities for 
addressing storage, arithmetic and logical processing of 
data$ sequencing instructions, and controlling the transfer 
of data between core storage and attached input/output 
devices. The basic unit of information is the byte which 
represents one alphabetic, numeric; or special character. 
In arithmetic operations, a byte contains one numeric char- 
acter and a zone. The low order byte contains the sign in 
the zone portion. Bytes may be handled separately or 
grouped together to form fields. 

The'CPU contains 8192 (8K) positions of core storage 
which may be increased to 32,768 (32K) positions. The 
storage locations are numbered consecutively (0, 1,2,..) 
Each number corresponds to the address of an individual 
byte. 

The 5410 Model C is the base system CPU. A02 through 
A06 correspond to core size (Figure 1 - 1 ) . 1 1 R \ 1 4 r Model D 
(disk system) starts with A13 (12K storage) and continues to 
A16. 

The CPU core storage unit has a read/write cycle time of 
1 .2 us., with a data access time of 465 ns from the start of 



read. A calculation time is inserted between the read/ write 
time to provide a basic machine cycle.(read/compute/write) 
time of 1 .52 us. " 

Addressing for CPU functions is maintained in local storage 
registers (LSRs). These registers contain the core addresses 
necessary for instruction sequencing as well as data manipu- 
lation: both intjrnally, and to and from tjO devices. In 
addition, the LSRs are used as temporary storage for data 
while the CPU is performing instructions. 

Step-by-step data processing is controlled by registers (op 
register, Q register, and condition register) which contain 
the operation code for the instruction being performed and 
the additional information required to execute the instruc- 
tion. , 

Calculations within the CPU are performed in the arith- 
metic and logical unit (ALU). All data to be processed 
within the CPU is" routed through the ALU which is capable 
of performing the action required to arrive at the desired 
result. 

The CPU has direct control over all the I/O devices attached 
to it. I/O operations atftf initiated and tested by program 
instructions/which dejermine what operation is performed 
-(read, write, etc.,) and which unit is to be used. 



MFCU 



Printer' 




Figure 1-2. IBM System/3 
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An automatic interrupt is provided to allow the system to 
make optimum use of the I/O devices. An interrupt origi- 
nates at an I/O device which requests special attention from 
the CPU. Generally, an interrupt means that the CNimust 
interrupt a current instruction sequence, perform an inter 



5203 Printer 

The IBM 5203 Printer provides printed report output for 
the IBM System/3. The alphabetic, numeric, and special 
characters are assembled qrt a chain and the printing for- 



vening instruction sequence, and return to the interrupted v mat is controlled by the system's stored program. As the 
program. 



In addition, the CPU is available for processing during most 
of each I/O operation even though many devices may be 
functioning simultaneously. This overlap of I/O operations 
and CPU processing is made possible by a cycle steal capa- 
bility by which an I/O device, while performing an I/O 
operation, breaksinto the main program and uses enough - 
cycles to transmit the bytes which are immediately available. 
For instance, when reading a row of data from, a" card, that 
row of data is placed in the proper core location with cycle 
steal cycles and the main program then continues until the 
next row of data is available. Thus, the cycle steal capability 
. provides the benefit of a buffer without sacrificing storage 
capacity or requiring a separate buffer. 

In the CPU, odd parity is provided for all bytes of data to 
provide a means of checking for the validity of data. As 
the data is transferred throughout the CPU, each register 
is parity checked to determine if the data transferred 
correctly. As data is changed within the ALU, the parity of 
the resultant byte is determined by a second ALU (check 
ALU) and tfie generated parity is then checked at the ALU 
latched output. 

In addition to parity checking, 4s the program is executed 
each operation code is checked to ensure that it contains 
a valid instruction. 



Njhain travels in a ljiorizofital plane, each character is printed 
as it is positioned opposite a magnet driven hammer that 
drives the form agjainst the chain. 

An interchangeable chain cartridge permits the operator 
to change type fonts and character sets. Spacing and 
skipping is performed by a tapeless carriage under control 
of the CPU stored program. 



D 



5444 Disk Drive 

The IBM 5444 Disk Drive provides System/3 Model D with 
dual disk capabilities on a |ingle disk spindle. One disj^is 
mounted perrQaneatly in a container at the base-^f the 
spindle; the other is mounted at the top ef the spindle and 
is removable. 

Each disk contains 2.45 million bytes' of storage. Therefore, 
the addition o/a second disk drive provides online disk 
capacity of 5^80 million bytes. 



MACHINE LANGUAGE 



5424 MFCU 

The IBM 5424 Multi-Function Card Unit (MFCU) provides 
the IBM Systcm/3 with the capabilities of many single unit 
accounting machines. With two hoppers, a phototransistor 
read station, a common punching station, a printing station, 
and four selective stackers, the MFCU offers fullcard file 
maintenance abilities plus three or four lines of card docu- 
ment printing. 

Cards from both tHe primary and secondary hopper can be 
read, punched, printed, and selected into any one of the 
four stackers, regardless of the hopper origin. The tradi- 
tional unit record functions of reproducing, gang-punching, 
summary punching, interpreting, collating, and sorting can 
be performed on the MFCU under Complete control of the 
stored program. 



Number Systems 

To understand the operation of the CPU, it is necessary 
to become familiar with the number systems and character 
codes used. Accordingly, the following topics discuss the 
decimal, binary, and hexadecimal number systems. 



Decimal Number System 

• System has ten symbols: 0,1,2, 3, 4, 5, 6, 7, 8, and 9. 

• Base of system is 10. 

The decimal number system has ten symbols: 0, 1,2, 3,4, 
5 , 6, 7, 8, and 9. Counting starts in the units position 
with and proceedsihrough the next nine symbols. When 
y is reached, there are no more symbols; therefore, a 1 is 
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placed in the position to the left (tens position) and the 
count resumes With a in the original position: 



/ 



Units Position 



1 
2 

3 

4 

5 

6 

7 

8 

9 
-10 
11 
12 
and so on 

Continuing the count, it takes 101 numbers (count began 
with zero) before a third position (hundreds position) is 
required to express a 3-digit number. Similarly, iCtakes- 
1001 numbers before a fourth position (thousands position) 
is required to- express a 4-digit number. Because of the role 
that the powers of 10 play in the representation of; a num- 
ber, (10 unique symbols), 10 is said to bel the base <?f the 

decimal .system. " ' . ' 

• 't 

A number is made up of terms corresponding to the number 
of positions required to express the number. Each term 
consists of a product of a power of 10 and some number 
from tq 9. For example, trie number 4 23 "breaks down as 
follows: 



(1 x 10 2 ) + (2x lo') + (3x 10°) 



-*■ 3 units 



— *■ \Q tens 
-£ 106 hundreds 

T5T 



a 2 by placing a 1 in the next position to the left and 
starting again with in the original position. Thus binary 
10 is equivalent to 2 in the decrmal system. Counting con- 
tinues with a carry to the next higher order every time a 2 
is reached instead of every time a 10 is reached. Counlfng 
in the binary system is as follows: v • r 



Uitfa 



Binary 



Decimal Binary 



Decimal 









110 


6 


1 


1 


111 


7 


10 


2 


1000 


8 


11 


3 


1001 


9 


100 


4 


1010 


10 


101 


. 5 . 


1011 
and so on 


T» 



The Is and 0s of a binary number represent- the coefficients \ 
of th< ascending powars of 2. To illustrate, assume the 
binary number 1 1 1 101 1 , the number is expressetias: 

(1 x 2 6 ) + (l x 2 5 ) + H x 2 4 ) + U x2 3 ) + (0\2, 2 ) + (l x2 , )+U x 2°) 

The various terms do pot have the meanings of units, tens, . 
hundreds, thousands, etc., as in the\decirnal system, but > 
signify units, twos, fours*, eights, sixteens, ete. Thus the 
binary number- breaks down as follows (compared with 
. decimal equivalent): 



Binary 



1111011 



Decimal 



123 



— ►- 1 units - 
— •*- 2 twos 
— ►- fours 
— •- 8 eights 
— ■*• 16 sixteens 
— •*■ 32 thirty-twos' 
— r 64" sixty-fours 
123 



-«- 3 units 
-'20 tens 

100 hundreds 

123 



Bin&ry Number System 

• System has two symbols: Oandl. 

• Base of system is 2. 

Current digital computers use binary circuits and, therefore, 
binary mathematics. The binary, or base 2, system uses 
two symbols, and 1 , to represent all quantities. Counting 
is started in the same manner as in the decimal system, with 
for zero and 1 for one. At this point, there are no more 
symbols to be used, ^t is therefore necessary to express 

1-4 



Hexadecimal Numbe&System 

• System has 16 symbols: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, 
C,D,E,andF, 

• Base of sysffem is 16. 

• System is shorthand notation for binary numbers. 

• Four binary bits are represented by one hexadecimal 
symbol. 

• Byte is represented by two hexadecimal symbols. 
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Binary numbers have approximately 3 J times as many 
terms as their decimal counterparts. This increased length 
presents a problem 'when talking or writing about binary 
numbers. A long string of 1 's and O's cannot be effectively 
spoken or read. A shorthand system is necessary, one that 
has a simple relationship to the binary system and that Ts 
compatible with the basic 8-bit byte used in the CPU. The 
hexadecimal number system meets these requirements. 

The hexadecimal system has sixteen symbols: 0, 1 , 2, 3, 
4, 5, 6, 7, 8, 9, A, B, C, D, E, and F. Counting is performed 
as in the decimal and binary systems. When the last symbol 
(F) is reached', a 1 is placedjn the next position to the left- 
and counting resumes with a in the original position, as 
follows' 



» 


10 


20 


AO 


] 


11 


21 


Al 


2 


12 


22 


A2 


3 


13 


23 






4 


- 14 










5 


15 






■ 


■ 


6 


16 






and so on 


7 


17 








8 


18 








9 


19 








A 


1A ^ 


^" 9A 




B 


11) 


9B 




C" 


' 1C 


9C 




D 


ID 


9D 




[ 


it: 


91 




» : t 


11 


9 


1 







Hexadecimal numbers are represented in the same manher 
as decimal and binary numbers, except that the base is |6. 
The terms of the number represent the coefficients of trie-' 
ascending powers of 1 6. For example, consider. the hexa? 
decimal number 257 (decimal equivalent equals 549): ■ 

' • ■ , i 
257 = (2 x Id 2 ) + (5 x 16 1 ) +'<7 x If "> 
' = "(2x256) + (5 x 16) + (7 x 1) 
= 512 +Ai) + 7 
= 599 



Number Conversions 

.*' * 
The preceding topies derived decimal equivalents by multi- 
plying the terms by the coefficients of the ascending powers 
of the* base." fcarge numbers are difficult to convert with 
this method. The following topics outline simpler methods 
for converting hexadecimal to decimal and back, and hexa- 
decimal to binary and back. 



Hexadecimal to Decimal 

To convert a hexadecimal number to its decimal equivalent: 

1 . Convert any term represented by a letter symbol to 
its decimal equivalent . 




Multiply the high-order term by 16. 



One hexadecimal symbol can represent four binary bits. 
Thus the 8-bit binary byte, in turn, can be represented .by 
two hexadecimal symbols. The relationship between the 
hexadecimal, binary, and decimal systems is as follows: 



Hexadecimal 


Binary 


Decir 







0000 





1 




0001 


1 


2 




0010 


2 


3 




0011 


3 


" 4 


f 


0100 


4 


5 


.-- 


. 0101 


5 


6' 




0110 - 


•6. 


7 




0111 


1 


8 




1000 • 


8 


9, - 




1001 - 


9 


'a' 




1010 r 


10 


B 




1011 


11 


C 




1100 


12 


D 


# 


, 1101 


13 


1 




i no 


14 


1 




mi 


. 15 



3. Add the next lower order term to the product ob- 
tained in step 2. 

4. Multiply the result obtained in step 3 by 16. 

5. Add the next lower order term to the product ob- 
tained in step 4. 

6. Continue multiplying and adding until the low order 
term has been added to the.imswer, at which time 
the conversion is compile. 



The important relationship to remember is that four binary 
positions are equivalent to one hexadecimal position. 



As an example, convert the hexadec 


mal number 


273 to its 


decimal eqtirteient. 


j 




7 


V 


3 


1 16 

32 


1 " 




39 






x 16 
234 






3JL 
624 






+ 3 * 






6T? 
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vCONTINUED ON 
FRAME B01 



As a second example, convert the hexadecimal number . 
A7B. Converting letter symbols to decimal equivalents 
yields 107 11. 



10 

x 16 

160 

♦_2- 

1*7 
x_j6 
1002 
167 
2«2 

til' 
2683 
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For example: Hexadecimal: 3 7 B 1 

Binary: 0O11 0111 1011 0001 

Another example: Hexadecimal: A 6 5' F 

Binary: 1010 OHO 0101 1111 



Data Formats 

Tht basic unit of information in theCPU is the byte. Each 
byte is 8 bits or two hexadecimal characters in length. An 
additional bit (P bit) isadded to each 8-bit byte to maintain 
odd parity. Figure \p shows the bit structure of a byte. 



Decimal to Hexadecimal 

To convert a decimal number to its hexadecimal equivalent: 



Each main storage address location contains one byte of 
information. Therefore, each time main storage is addressed 1 
a full byte is read^from storage to be processed. 



1 . Divide the decimal number by 16; the remainder of 
this first division becomes the low order term of the 
final answer. 

# - 

2. Divide the quotient (received from the first division) 
by 16; again the remainder becomes a part iof the , 
final answer (next higher ordA term). 

.'* ^ 

3.- Repeat steps 1 and 2 untiljthe 'quotient isjess.jthan 
16. This finarquotient is the high order Jerm of the. 
final answer. , ; ** 

: '"■ •'^"'" 

4. Convert any .term between 10 and 1 5 to its hexa- 
decimal letter-symbol equivalent. 

j ■ . _, 

For example, convert the decimal number, 471 to its 
hexadecimal equivalent: » 



29 l 

16f47l ' U6f39 , 

151 *£.' 13-:— 
144 ' &* 




16(T- 



read 



1 



— 13 = D 

-*- 7 



answer = 1D7 



To represent data, eath.byte is divided irW> two parts. Bits 
4 to ? represent the numeric, portion of a Character and 
bits to 3 represent the zone portion. Therefore, a byte 
can represent numeric, alphabetic, or special characters. 
These characters are expressed in EBCDIC (Extended Binary 
Coded Decimal Interchange Code). 

When used as a numeric quantity, each byte contains one 
numeric digit in bits 4 to 7 with the sign of the entire field ■ 
contained in the zone portion of the low order byte. The 
zone portion of the rest of the bytes in the field contain 
the EBCDIC for a numeric digit (F in hexadecimal). The 
EBCDIC for plus is the hexadecimal F and for minus 
hexadecimal D. Internally, the CPU also recognizes the 
ASCI1-8 (American National Standard Code for Informa- 
tion Interchange) for minus (B in hexadecimal) but changes 
it to EBCDIC in the result field of a decimal operation. 
Any other zone combination is considered to be plus. 

A minus field is entered into the CPU from a card by 
punching a.B zone over the units positron, of the field. A-V 
plus fjeld contains no zone punch. Figure 1-4 d k i«>2i contains a 
conversion chart for EBCDIC and card code. 

.The rftaxjmam length of a source field is 1 6 digits and the 
maximum length of a result field is 31 digits. 



Hexadecimal to Binary arid/Binary to Hexadecimal 



jes. 



Hexadecimal terms through F, which nave the values^of 
through IS, respectively, are represented in the binary , 
system by /our binary bits. To convert a^hexadecimal 
ryimber to its binary equivalent, express each term in its 
equivalent 4-bit binary group. To convert binary nurnbers 
to hexadecimal numbers, reverse the process. 



Zone 



Bit* 



Numeric 



5 6 



Figureil-3. Byte Structure 
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B0I 



EBCDIC,,.,., 
Bit, ° 123 


1100 


1101 


1110 


1111 > 


4667 


\Zone 
DigiT^** 
Purtch\ 


BA 


B 


A 




0000 










'<t> 


0001 


1 


A 


J 




1 


0010 


. 2 


B 


K 


S 


2 


0011 


21 


C 


L 


T 


f 


0100 


4 


D 


M 


U 


4 


0101 


4 1 


E 


N 


V 


5 


0110 


42 


F 





. w 


6 


0111 


421 


G 


P 


X 


7 


1000 


8 


H 


Q 


Y 


8 


1001 


8 1 


1 


R 


z 


9 



•Card Code for Numeric £efo is A Only 

Figure 1-4. Card Code and KEfCDIC Conversion Chart 

CPU OPERATION 

Bridge Basic Storage Module 

The bridge basic storage module (BSM) is a ferrite core 
storage unit, available in three«basic sizes: 

/] 
/\.\ 8,192 byte (9 bit) readout. 

1 _ ■ . 

2. 16,384 byteT^ bit) readout. 

t.. t g 

3. 32,768 byte (9 bit) readout. 



These capacities are commonly called 8K 9 bit, 16K 9 bit, 
and 32K 9 bit. The 24K 9 bit or 32K 9 bit capacities can 
be obtained by cbainjng two BSMs together or. by using one 
32K 9 bit BSM. Check circuitry causes an invalid address 
for addresses above the rated capacity. 

Physically, the BSM is a separately packaged unitthat 
mounts in the space provided for an MST-1 board. It con- 
tains a core array, timing and control circuits, a drive system, 
and a sense/inhibit system. The BSM also includes the 
storage data register (SDR), but does not .contain a storage 
address register (SAR) . . 

Communication between the system and storage is via 
interface lines which transfer address information, input 
data, output data, and control signals. Interface circuits 
are compatible with MST-1 circuit technology. Within the 
BSM some SLT circuits are used. 
t 

Each storage cycle (read cycle or write cycle) takes approx- 
imately 1 .2 us. Once it has been started by a read call/write 
call signal, the BSM executes one cycle, either a read or.a 
write cycle, depending upon which was last completed. 
. Since the core storage has a destructive readout, a write 
cyqie^must always follow a read cycle in order to allow the 
data-|o be regenerated. Interlocks are provided to ensure 
thak lead and write cycles alternate properly. However, a 
sy1i<e|i reset;resets these interlocKS-so that the first storage 
cycleiis a read cycle. 

Accejs time; from read call until data is available at the 
intermce, is approximately 465 ns. 
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Basic Data Flow 



Instruction and Execute Cycle 



The system storage address register (SAR) addresses the 
storage- unit (see 'Addressing System' for details). When 
the system signals the storage unit with read call/write call, 
a read cycle is started. The data located at the specified 
address is read out to the Storage data register (SDR) and 
placed on data lines to the system. The read cycle is com- 
. plete and the storage clock stops after approximately 600 
ns. Data flow is shown in Figure 1-5. 

The data read out may be placed back into the addressed , 
location, or new data may be placed into that storage 
position. When storing new information, 'store new' causes 
the data latches to be cleared prior to their setting with new 
data. Read catT/ write call starts a write cycle and the mfor- 
"""vniation in the data latches is transferred to core storage. 
The write cycle is complete and the storage clock stops 
after approximately 600 ns. 



• l<ycles r*ud out instructions from storage. 

• A cycles at^d B cycles execute the instruction. 

There are two types of machine cycles used in the internal 
operation of the CPU. These are instruction cycles (l-cycles) 
and execute cycles. 

1-cycles are used to move the instructions from storage to 
the various registers required to execute the instruction. 
If the instruction does not require additional use of main 
storage after the completion of I-cycles, such as a branch 
instruction, the operation is completed without execute 

fycles. However, most operations require the use of data 
rom one or two main storage fields. Execute cycles are 
used to manipulate this data fo perform the operation. 



Interface 



I 



' / Timii 



SAR 






■^-f- 



"9 
and 
Control 



Timin£andlnterlock_ SS Timi 
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Inhibit 
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.} Drive 



A_ 



Sense 



Array 



SYSTEM 



MEMORY 



Figure 1-5, System-lj^mory Data Flow 




B03 



Two types of execute cycles are used by the CPU. A-cycles 
are used to address main storage for the sourceTields and 
Bicycles are used to address main storage for the result 
field. If only one .field is .involved with the instruction, 
B-cycles are used to address main storage. 



Sequential Instruction Execution 



The example shown would probably require three steps in 
the CPU. Since it would probably be desirable to retain the 
federal tax figure, the total deductions would be calculated 
in a separate location. Therefore, the first step woufd be to 
reset the total deduction field to zeros and add the federal 
tax into the total deduction field (zero and add zoned). 
Then in separate steps the/state tax and United Fund fields' 
would be added to teetotal (add zoned decimal). 



•X Instructions are located in consecutive, ascending main 
storage locations. 

• Instruction Address Register (IAR) is incremented by - 
1 each instruction cycle. \ 

The CPU performs computations in a step-by -step procedure 
similar to manual accounting. However, while many steps 
may be combined in a manual operation, the CPU requires 
a separate operation for e,ach step. For instance, when 
figuring net pay in a manual payroll operation, all the de- 
ductions could be added together in one step. The CPU 
must add each deduction into the deduction total in a 
separate operation (Figure*.! -6). 



Manual 

Federal Tax 
State Tax 
United Fund 

Total Deductions 


17.50 
6.30 
1.50 


CPU 

Federal Tax 
State Tax 

Total 
United Fund 

Total Deductions 


17.50 
630 


23.80 
1.50- 


25.30 


25.30 



D 



Figure 1-6. Stcp-By-Stcp Processing 



5410 TO • 1-9 



B04 



Because of this step-by-step method of processing, the 
instru'ctionslare arranged in ascending storage locations in 
the CPLL(Fi|ure 1-7). Instruction sequence is maintained 
by retainingihe address of thestorage location in the in- 
struction ad&rtfss register (1AR). The IAR is a two byte 
LSRand is incremented each cycle so the next ascending 
Storage location can be, addressed. 
*■ \ 

InHhJ' sample program shown in Figure 1-7 the IAR would 
contain "the storage location 1000. Storage locaMon 1000 
is then addressed during an I-cycle and the operation code 
is read fromHorage and loaded ipte^he operation register 
(op register). The^quafttiYy f is then added to the IAR so 
storage location 1001 can be addressed during the next 
cycle. This process continues until the storage location 
1005 has been addressed. The instruction is.then executed. 
After the instruction has been completed, the'lAR is again 
used to address storage location 1 006 (op code of next 
instruction). 



\ 



ranching is used by the CPU to alter the instruction 
sequence under certain conditions and thus provides flex- 
ibility within a given CPU program. By branching to a 
different storage location and skipping certain steps the 
results of the stored program are altered. Figure 1-8 show 
a sample program that contains a branching operation. In 
this example, the company has a stock option plan which 
permits employees who earn $80.00. or more to purchase 
stpck. If they do not earn $80.00 or more, the stock de- 
duction is bypassed. 

During the subtract zoned decimal operation the condition 
register (CR) is set Vo high, low, or equal depending upon 
the result. This is a function of all arithmetic and compare 
operations, with the CR setting varying with the operation 
performed. For the subtract zoned decimal operation, the 
CR is set to low if the result is negative. When subtracting 
S80.00 from the salary field, any salary of less than $80.00 
will result'n a minu', total. 



Branching 

• If branch condition is met, CPU branches to address 
given in branch instruction for location of next instruc- 
tion to be performed. 



The Q code bit structure determines the branch condition 
for a branch on condition instruction. In the example 
shown, the branching condition is a CR low setting (Figure 
1-8). 1 1 R H(i6i If the CR is set at high or equal, the next sequential 
instruction (storage location 1028) is performed. However, 
if the CR is -set at low, the branch-to address (storage loca- 
tion 1034) replaced the next sequential address and the 
next instruction is bypassed. 
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I/O Data Transfer 

The CPU issues a start I/O (SIO) instruction which starts 
the needed mechanical motion. Whenever the I/O device 
reaches a point in its mechanical operation where it needs 
data from storage (write, print, punch) or has data to send 
to storage (read) the device requests an I/O cycle. The 
CPU uses two methods for transferring data to and from the 
various I/O devices: cycle steal and interrupt. 



I/O attachments transferring data during interrupt routines 
are assigned priorities, as in cycle steal. The highest inter- 
rupt level device attachment takes precedence over lower 
level devices. It is possible for one interrupt routine to 
interrupt another interrupt routine of lower priority. 



Addressing 



Cycle Steal 

The 5424 is one I/O device which uses the cycle steal 
method of transferring its data. An I/O cycle request can 
occur during any cycle and is granted before the next CPU 
cycle. The attachment then has complete control of data 
flow, LSR selection, and storage during that cycle. 



The CPU uses two types of addressing for the various fields 
when executing instructions: direct addressing and indexed 
addressing. 



Direct Addressing 




More than one device attachment may request a cycle at 
a time so each device is assigned a cycle steal priority. 



Interrupt 

Some I/O attachments operate by means of an interrupt 
routine. An interrupt differs from a cycle steal by inter- 
rupting the main program with a separate program routine. 
For this reason, an interrupt can occur only at the com- 
pletion of an instruction. 



• Two byte address is contained in instruction. 

' / 
The sample programs used in ttie. two previous topics are 

examples of direct addressing. Direct addressing requir* 
two bytes for each field or location used by the instruction. 
The firit address which follows the Q code in the instruc- 
tion, is the address of the result or destination fi,eld (B field). 
For two address infractions, the second address is the 
source fifeld (A field). The B field address is maintained . 
in the 4} address register (BAR) and the A field address is 
maintained incite. A address register (AAR). 
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Most addresses given in the instructions are for the location 
of the low order or right hand digit of trie field. Therefore, 
.as the instruction is executed and as each digit position is 
processed, the BAR and AAR are decremented to address 
core in descending order. An exception is the insert and 
test character operation which is executed from high order 
to low order digits. In this case the BAR - is incremented in 
the same rpanncr the IAR is incremented during instruction 
cycles. 



Indexing 

• Two b> 'tijndex re'gister is added to one byte from 
instruction to create new address. 

Indexing provides the programmer with a means of changing 
addresses within a program without changing the instruction. 
An indexed a"tidress consists of a single byte within the 
instruction. This single byte is added to the contents of a 
two byte index register to form a new address. The indexed 
address is then loaded into the BAR or AAR depending upon 
the address being indexed. 

Indexing is used in;(l) performing' an instruction with an 
indexed attdress. (2) adding a constant to the index register, 
and (3) branching to an address to perfoTrn the instruction at 
a different core storage location. Thus it is possible to per- 
form an instruction or series of instructions many times 
without wasting main storage by repeating the instruction. 

Either of two,index registers (XR-1 or XR-2) can be selected 
for indexing. The recognition of indexed addresses and the 
selection of each .index register is covered under. "Instruction 
Formats.' 



Instruction Formats 

• Instruction length is three to six bytes. 

• Bits 0-3 of op code determine Jype of instruction and 
addressing 



The CPU performs three types of instructions. .They are: 

• two address instructions 

• one address instructions 

• command instructions 



Two address instructions are those instructions which in- 
volve two separate fields within main storage and therefore 
contain two addresses. Most one address instructions in- 
volve only one field within main storage and therefore • 
contain one address (the load address instruction contains 
the needed data rather than an address). Command in- 
structions are those instructions which do not involve main 
storage at all and therefore contain no addresses. 

bach ins/ruction consists of an operation c^de and a code 
(Figure/ \-^). 1 1 K m is i These are followed .by either a control code, 
or one" or two addresses. Thus, the length of the instruction 
var^s from three to six bytes depending upon the type of 
instruction an,d the type of addressing. 
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Figure 1-9. Instruction lormat 
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The first half byte of the op code (bits 0-3) determines the 
format of the instruction performed (one address, two 
address, etc.) and the method of addressing used (Figure 
1-10). If all four bits are present, the instruction is a 
command instruction. From there the bits are broken into 
two groups (bits 0-1 and bits 2-3). If both bits in either 
gioup are present, the instruction is a one address instruc- 
tion; if neither group has both bits present, the instruction 
is a two address instruction. If a bit is present in either of 
the groups in a two address instruction or in the bit-absent 
group of a one address instruction, the address is indexed 
(Figure 1-10). 
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I igure 1-10. Determining Instruction 1 ormat 



Instructions 

The second half byte (bits 4-7) of the op cpde determines 
the actual operation performed. Use of the Q code and 
control code depend upon the operation being performed. 
The complete instruction #et performed by the CPU is 
shown in Figure 1-11. tl R Him 
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DATAFLOW 

Data flow for System/3 is shown in Figure 1-12. d K Hl2i Data 
flowst through the machine in 8-bit bytes plus one narity bit. 
It flows serially by byte through the arithmetic analogic 
. unit (ALU) and is distributed to -the remaining functional 
units of the machine. 



The ALU receives two bytes of data and combines them in 
parallel into one byte. It is able to perform decimal add and 
subtract, binary add and subtract, and logical AND and OR 
operations. All data to the ALU comes from the A and B 
registers, and the output is the contents of B modified by 
the contents o'f A. 

Output of the ALU is available to the I/O attachments on , 
the data bus out (DBO) in one of two forms; either trans- 
lated from EBCDIC (Extended Binary Coded Decimal 
Interchange Code) to System/3 card cod©, or straight from 
the ALU. The ALU output is also available to the storage 
data register (SDR) for entr>*into main storage, to ttie-op. 
and Q registers for instruction decode, to the condition 
register (CR), arid to the local storage registers (LSR) for 
temporary storage 



Parity Checking 

A check for dropped or extra bits during data transfer is 

accomplished by checking for an odd number of bits after 

the transfer. Figure 1-12 (I R Hi:> shows the parity checking (P)and 

parity generating (PG) points. Chapter 2 of the DM shows 

error checking circuits, and Chapter 2 of the MM gives a 

detail list of all error conditions and their causes 



Ch$ck ALU 

Correct output parity is generated in the check ALU since 
the parity of the ALU does not stay constant with the 
inputs. After the data leaves the A and B registers, it can be 
altered by the decimal and binary complement circuits, the 
ALU, the decimal correct circuits, and the sign control cir- 
cuits. The parity changes caused by all these must be con- 
sidered when determining the parity of the" ALU output 
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CPU Timing 

The basic unit of time in the CPU is a 1 .52 us machine cycle, 
and based on the speed of the main storage unit . Each 
,-lnachine cycle contains a storage read and a storage write 
time. 

The machine cycle is divided into nine clocK times known 
as clock through clock 8 (Figure 1-13). Clock and 
clock 1 a/e each 200 ns long and all of the remaining clock 
times' are 160 ns in length. Each cl6ck time is divided into 
40»ns phases. A clock 9 time consisting of four phase 
pulses is taken each cycle during system reset, step mode, 
alter SAR, and alter/display storage with the storage test 
switch in its step position. 

Each machine cycle is divided into five functional time 
• periods. The first, clock 0, is address time ; This Is" the 
time when the address LSR is selected and sent to the SAR. 
During I/O cycles the I/O device attachment provides the 
selection of the LSR assigned as its address register. 

The second functional time is known as the miscellaneous 
period. After the CPU has addressed main storage for a 
read operation, there -is a delay before the output is avail- 
able. This delay prqvides time to process other data through 
the ALU. The data processed is determined by *e purpose 
of the machine cycle and as the name implies, there is no 
specific function during this period. 



The third functional time is the compute period and is the 
time in which the main storage contents become available 
to the CPU in the SDR. The SDR at this time is sent to, 
the B register unless it is blocked and is processed through- 
the ALU with the contents of the A register. The A register 
may be loaded with zero if the SDR content is to be .trans- 
ferred through the ALU unchanged, or the A register may 
contain a modifier if the data from storage is to be modified 
or tested. The results of the modification are available on 
the ALU output for transfer into the SDR for storage. 
This time is also used to transfer data through the A register , 
ALU, arid into the SDR. 



J, arid ir 



The fourth and fifth functional time periods are address 
modification periods known as modify lo (clock 5-6) and 
modify hi (clock 7-8). During modify lo, the low half of 
the selected LSR is gated into the B register and into the 
ALU to be modified by the contents of the A register. 
During modify hi. the same thing is repeated for the high 
half of the selected LSR. During I/O cycles, the attachment 
must supply the modifier on the data bus in. 

During clock 1 and 5 the CPU sends the read and write 
pulse to main storage. 
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Figure 1-13. Clock Timing 
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Chapter 2. Functional Units 



CPU CLOCK 



BRIDGE BASIC STORAGE MODULE 



This is a group of binary triggers driven by a 25 MHz col- 
lator (OSC) to supply the basic timing pulses for the system. 
This clock provides timing pulses for both the CPU internal 
operations and the I/O attachments. These pulses (Figure 
2-1 )are nine (0-8) basic clock pulses (the CE can force a 
clock nine times for diagnostics). Clocks and I are each 
200 ns in length while the remaining clock times are 160 ns 
each in length. These clock times are further divided into 
40 ns pulses called phase pulses. Clocks and 1 have five 
phases A through fc; while the other clock tunes have ojily 
four,: A through D. 

Refer to DM 4-020 for a circuit description. 



Storage Principle* 

The IBM 54 10 CPU uses magnetic core storage. A magnetic 
core is a tiny ring of a special magnetic material. This core 
can be magnetized clockwise or counterclockwise by passing 
and electric current through a wire which is passed through 
the hole in the core. The core is magnetized clockwise by 
passfng a current in one direction and counterclockwise by 
passing a current iu the opposite direction. By assigning the 
values of 1 and (bit and no-bit) to the two states of this 
core, we can store one bit of information. 




CYCLE CONTROLS 

These are a group of triggers, controlled by the contents of 
the op code, which determine what machine cycles are 
needed to execute an operation. 

Refer to DM 4-030 for a circuit description. 



For a useful storage device, this idea is expanded to include 
many cores. Figure 2-2 1 1 K HIM shows several cores in a core stor- 
age arrangement. The problem is to store a bit of infor- 
mation in only one of these cores. A specific amount of 
current is required to change a core from one state to the 
other; therefore, if two wires are used (X- and Y-drive lines) 
with half the required current in each, we can select the 
core to be set 




Clock 2 



Figure 2-1. CPU Clock Timing 



5410 TO, 2-1 



BI5 



Figure 2-2 shows a 4 by 4 core plane. The X-drivc lines 
run horizontally and the Y-drivc lines run vertically. If half 
the required current passes through the X-drivc line labeled 
A and half through the Y-drivc line labeled B, only the 
shaded core is set (it is the only core receiving full current). 
Current through these two lines in one direction sets the 
core to bit status (write current). Current through the same 
two lines in the opposite direction resets the core to no-bit 
status (read current) •» 

When a current passes through/these lines in the read direc- 
tion and the core is ahead? reset (m>3)it), it will not change. 
However, if the core is set (bit), it will change status. We , 
must be able to detect this change of Status to know whether 
the core contained a bit or no-bit. This is. done by passing 
one wire (sense line) through all the cores. When a core 
changes status, it induces a voltage in the sense line and this 
voltage is sensed as a bit. 



The 5410 arrays contiin either five, nine, or 18 core planes. 
Livery plane has hvo sfc parateinhibit windings. An inhibit 
winding passes through every core in the plane. When write 
current passes through X- and Y-drivc lines, it passes through 
the selected cores of all planes. If we do not .want to write 
a bit in a specific planf , current passes through the inhibit 
winding. The inhibit Current is^qual to and in the opposite 
direction of the current in the X-drive line. This cancels 
the effect of the^current in fhe X-drive line and no-bit is 
written in that plane. 

In the 5410. the same wire handles the sense and inhibit 
functions. 

5410 BSMs 

Figure 2-3 <l K I* 1 7 > )s an overview of the 5410 BSMs. The separate 
functions of each part ol the BSM are discussed in the 
following text. 
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*5f vetal core planes comprise a core array. Arrays with 
their.Vtrivers, control circuits, diodes, sense data latches ' 
(whidh are also called the storage data register-SDR), and 
all associated wlfcing attached are called basic storage . 
modules (BSMs). 



If 8K, 1 2K, or 1 6K of storagens installed in the CPU, it is 
in one 8K or 16K BSM at 01A-B4. If 24K or-32K of 
storage is installed in the CPU, three types of BSMs can be 
used (Figure 2-4). For early systems, 24K of storage uses 
one 8k BSM apd one 16K BSM chained together; 32K.bf 
Storage uses two BSMs chained together. For later systems; 
a 32K BSM is used fSr both 24K and 32K of storage. When 
two L6K BSMs are chained (dual BSMs), they are at 01 A-B4 
and 01 A-A4 of the CPU. Wheo one 32K BSM. rs used, it is 
at 01 A-B4 of the CPU. If 48K of storage is installed, it uses ■ 
a 1 6K BSM wTuch is at 01 A-A4 and a 32K BSM which is at 
01 AB4. If 64K of storage (RPQ S40048) is installed, it' uses 
two 32K BSMs. one at 01 A-A4 and one at 01 A-B4. 
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CONTrNUED.ON 
FRAME CO 1- 



tlach core plane contains 16,384 (16K) cores at the inter- 
section of 1 28 X -drive lines and 1 28 Y -drive lines. The 
core plane also has a sense; inhibit wire (S.Z winding) which 
runs parallel to the X-drive line. Thus, three wires go 
through each core one X-dnve line, one Y -drive line, and 
one S/Z wStpding. tach plane contains two S/Z segments 
(separate windings), each representing one data bit hot 
8k and IdK. BSMs. each X-dnve line passes througli both 



S/Z segments via the X-retum card at the bottom of the 
array (Figures 2-5 and 2-6). <i R CiOiThus. when one X-dnve Ij^e 
and one Y-drive lineare active, two cores on the plauC 
experience coincident currents (one in each segment). This 
means that each plane contains two bits for each of the 
possible X/Y addresses. Since there are 16K cores on the 
plane, they can all be addressed by 8K unique addresses 
provided by SAR bits 3- 1 5. 
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Figure 2-5 8K Array Assembly 
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1 ijiure 2-6 16K Array Assembly 

Figure 2-7 ii i< < "' i shows a 32K BSM. Fach X-dnve line passes 
through one S/7. segment (there is no X-return card). When 
one X-dnve line and one Y -drive line are active, one ot 16K 
core*on the plane has coincident current This means that 
each plane ttSs one bit for each of the possible X/Y addresses 
SAR bits r jtivd 3-15 provide 16K. unique addresses. 



Fach X-drive tine travels through five planes before ^lossiriii 
to the second half of the core planes via an X-return card 
at the end of the array. This X-return card has printed lines 
that carry X-drive line current from one end of the X-drive 
line in the lower half of the array to the other end of the 
X-dnve line in the upper half of the array The winding 
pattern of the array is such that alternate X-drive lines are 
driven from opposite ends of the core plane (Figure 2-5). il R ( nl i 



8% Basic Storage Module 

An £K byte JEM has five core planes (Figure 2-5>.il RcniiThe 
first f»lane farms bits 0-1 , the second plane forms bits 2-3. 
the (bird plane forms bits 4-5, the fourth plane forms bits 
6-7, and half of the fifth plane forms 'bit X. The lower half 
of the fifth plane is not used in an KK byte BSM. 



A Y-drive line starts at either the top or bottom of the fust 
core plane and is wound through each plane. It leaves the 
last plane on the opposite side from which it entered. Thus, 
if drive current flows through one X-drive line and one Y- 
drive line, ten cores will experience the coincident drive 
current necessary to affect the cores. The tenth core, in 
the lower half of the last plane, experiences coincident drive 
drive current, but this core output is not sensed because 
the S/Z segment is not used. 
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figure 2-7 32K Array Assembly 



Two cores are addressed in every plane during a read oper- 
ation and during a write operation. During a read operation, 
nine bits arc sent to the sense data latches (which are also 
Galled the storage data register -SDR). During a write oper- 
ation, eftrreTthe' same nine bits or nine different bits (stor- 
•uJg flew q[ata) from the ALU are written back into the core 
planes. . . 



Eacfi .drive line (X or Y) is connected to the array through 
(Jiodes pn.the top diode board or the bottom diode board' 
,(Figwre»2-8). Th,ese diodes are part of the gate and selection 
syyein described UTtdftr/'X/Y Drive System" in this chapter. 



Top Diode Board 



X Drive 



Read \ Write* 




Bottom Diode Board 



t&= 



I igure 2-8. Diodes X- and Y-Drive. Lines 
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16K Basic Storage Module 

A IdK byte BSM has nine core planes (r'igures 2-6'! K ' ""> 
and 2-9) Two cores are addressed in every plane during a read 
operation and during a wnte operation 



During a read operation. 18 bits are sent to the sense data 
latches (SDR). SAR bit 2 is used in byte control circuits 
winch causes cither the first rune bits or the second nine 
bits to he gated out from the SDR to the B register during 
the read operation 



All S/Z segments are used, providing I 8 bits ot data at each 
address. As in the 8K BSM, there are 8k unique addresses 
available With the addition of one more address bit (SAR 
bit 2), lok total addresses become available. 



During a write operation if 'store new' is active, SAR bit 2 
determines which nin of the 18 bits are replaced with nine 
new bits from the ALU. On the other hand, during a write 
operation if 'store new' is not active, all 18 bits from the 
SDR are written back into storaue 
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32K Basic Storage Module 

A 32K BSM has IS cure planes (figures 2-" 1 1 K < "-i3ikI 
One cure is addressed in ever> plane during a read operation 
and during a write operation I ach plane is divided into two 
segments segment A and segment B SAR bit I is used tor 
segment control which selects either segment A or segment 
B to, he read out ol or written into During a read operation, 
IcS bits are sent to the sense data latches (SDR) Sense data 
latches 0-x contain b\te 1 . sense data latches 4-1 " contain 



byte 2. .SAR hit 2 is used for byte control which selects 
eithe.r h\te 1 or byte 2 to be gated from the sense data 

"' latches to the B register during a iead operation 



During a write operation if 'store new' is active. SAR bit 2 
determines which nine of the 1 8 bits are replaced with nine 
. new bits from the ALU On the other hand, during a write 
operation if 'store new' is not active, all 18 bits from the 
SAR are written back into storage. 
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Addressing System 

The storage address register (SARI in the (TV. provides 
storage address bits The address bit lines must be held 
active throughout the read and write operations 

The Xk HSM uses SAR bits .'-15 to access all the addresses 
in the KK of storage (Figure 2-11). 



During a write operation if 'store new' is active. SAR bit 2 
determines which nine of the 18 bits are replaced with nine 
neu hits from the ALT 



X/Y Drive System 



The 1 ok HSM requires the use of SAR bit 2 as byte control 
lis to control circuits determine which sense data latches 
(0-S or l >-17) to use during a read operation and "store new' 
operation. 

When two BSMs are chained I hgute 2- l >).'l l< < "4i another 
address bit is required SAR bit 1 Kalled '2nd BSM selected'!. 
This bit determines it the storage timer is started m the low- 
order or the high-order BSM. The low-order BSM is storage 
HI X address 0000-1 III in C PI 01 A-B4. The high-order 
BSM is storage HI X address 2000-3FFF in CPU 01A-A4 

The 'output of data latches 0-X in the high-order BSM are 
dot-ORed with data latches 0-K in the low-order BSM. The 
output of data latches °-l 7 m the high-order BSM are dot- 
ORed with data latches 4-17 in the low-order BSM. Jhe 
low-order BSM using SAR bit 2 performs byte control, this „ 
BSM controls the gating out ol data for both BSMs to the 
B register 

The 32k HSM uses SAR bits I and 3-1 > to access Ihk 
unique addresses (Figures 2-7 1 1 K < n'wand 2-11). SAR bit 1 is 
also used lor segment control which gates the 1 s bits to the 
sense data latches during a read operation SAR bit 2 is 
used toi byte control By te control circuits determine 
which sense data latches (0-h or ( >-l?j are sent during a read 
operation to the \i register 



current tiircLNtn one 



The X Y drive system uses 

• Current sources 

• date and selection system 

Flic X \ drive system selects and parses > 
X -drive line and one 't -drive line. F.aeh ol these currents is 
one-half the current necessary to cause a core to flip. Con- 
sequently . cores at the intersection of the selected lines are 
the only cores which can be attected. Also, during the read 
cycle, cores in the logical one state are the only one which 
can flip. A third wire in each core, the S Z winding, senses 
t'he cores which flip from the one state to the zero state 

Since all the logical ones at the addressed location are 
changed to logical zeros on a read cycle, this is called de- 
structive readout These bits are now in the SDR and may 
be used to restore the cores by reversing the X- and \ -drive 
currents at the same addressed location during the write 
cycle (New data may be placed in tfie SDR prior to the 
write cycle d this is a store new operation ) 

Zeros in the SDR are useil to activate inhibit (Z) drivers 
winch pass current through the S Z winding in a direction 
which opposes the X-drive'hne current and prevents the * 
corresponding cores from flipping to the one state 



Capaoiy 



SAR B.H 










1 


2 


3 


15 




s 




7 




8K 


II BSM) 


X 


X 


X 


3 


15 




12K 


II BSM) 


X 


X 


■ 


3 


15 




16K 


11 BSMI 


X 


X 


• 


3 


15 




24K 32K 


12 BSMs chimed) 


X 


• 


• 


3 


15 




24K 32K 


11 BSM) 


X 




■ 


3 


15 




48 K 64 K 


12 BSMs chained) 


• 




• 


3 


15 




• 


2nd BSM Selected 

By"" Com i ol 

Selects euhei X Decode 

Hi A or X^Decode 

Hi B 
Not used 














3 


4 5 6 


7 8 9 


10 11 12 


13 j 14 


15 


X 


Y Decode Hi 


Y Decode Lo 


X Decode H. A 


X Decode 


Lo- 










„32K BSM— *- 


X Decode H, B 







F'lfmrc 2-1 \ Addtvssing System 
t 

2-10 



C06 



Current Sources: Supph drive current to the X- and Y-driw 
lines There are four current sources in the BSM packaged 
on one card X-read. \ -writ e, Y -iead. and Y-wntc Fach 
current source has a transformer pnmarv and secondarv 
The pnmarv is driven h\ a transistor controlled In evele 
tutting (Figure 2-1 2). The secondary is the current source 
tor Nre X- and Y -drive line drivers 

date juJ Selection System Directs vhive current to one 
X-drive line and one Y -drive line The gate and selection 
svstem acts like a switch at each end ot'the drive lines to 
direct the current source drive current to one drive line 
(Figures 2- 13d R cos > and 2-14) ii R < ■<;, 



Dunne the read evele. address decoders select a read Hi 
driver and a read Lo driver lor one X-dnve line Figure 2-12). 

and one tead Ih duvet and one read Lo dn\er t'oi one Y 
dnve hue Dunne the write evele. the same address deco- 
der-, select one write lit duver and one write Lo driver tor 
the^sjiajj^rflTTve line, and one write Hi dnver and one write 
To drivei tor the same Y -drive line. These drivers, along 
with diodes in the X- and \ -drive lines to the arrav (Figure 
2-1 M.i I K < tin cause current to (low in the X- and Y-dnve lines In 
one ditectioii during read and the opposite direction during 
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Readout 

Readout from one addressable location in the BSM is accom- 
plished by: 

• Activating the X-read and Y-read current sources. 

• Selecting, by address decode, two X-read drivers and 
two Y-fead dnvers. 

/ 

• Sensing which of the selected cores have Hipped from 
the logical one state to the zero state 

• Sending this data out via the interface, also saving it for 
the* subsequent write eyefe. 



Sense/Inhibit (S/Z) Windings 

• A combination S Z winding is used (one for each data 
bit) 

• Each winding goes through 8K. cores (one-half of a planet 
parallel to the X-dnve lines. 



• Pulses are generated on the S/Z winding when the cores 
change state during a read cycle. The sens| amplifier 
circuits sense these pulses. 

• During a write cycle, the S/Z winding can |}reven<~cores 
from changing to ones. 

During the read cycle, a core that swifclics-indijces a pulse' 
into the S/Z winding. The sense amplifier senses a differ- 
ence in voltage on both ends of the sense line and amplifies 
only the difference ( Figure 2- 1 6). 1 1 R ( 1 2 » Outputs from sense 
amplifiers are sent to detector circuits which, along with 
storage tinier strobe pulses, distinguish between noise and 
one -bit signals and send the one-bit pulses to the SDR. 
During the read cycle, a core that does not switch (was a 
logical zero) induces no pulse in the sense winding and sets 
no SDR latch 

During the write cycle, if a logical one is to be stored in a 
core, the co*c is flipped b*y coincident X- and Y-drive cur- 
rents. In this case, inhibit current does not flow jn the 
inhibit segment (Figure. 2-16).il R < I2i If a logical zero is to be 
stored, inhibit current must flow to oppose the magnetic 
effect of the X-drive current. With the absence of one bit 
from the SDR to Z driver input, the Z driver conducts and 
inhibit current flows. The effect of the inhibit current is 
to cancel the X-drive line current and the core remains in 
a logical zero state: 
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_Z Current Limiting fiesistors Are On Resistor Board 
(Probe Side of Frame) (seeSR 264) 



Note: Bit Locations 
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Bits 0, 1, 2 
Bits 3. 4, 5 
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Bits 15,16.17 
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I igure 216. Sense/Inhibit Lo>ik (Hit 0) 
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16K or 32 K BSM Byte Control 

Every read operation reads out 1 8 bits (two bytes). Byte 
control circuits, controlled by SAR bit 2. determine which 
SDR latches (0-8 or 9-17) to send to the B register during 
a read operation (Figures 2-17 and 2-18.). < I kcui 

Bvte control is not used for 8K BSMs. 
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Write (Store) 



Storage Cycle Timing 



A write cycle must follow evettread cycle in order to 
restore the cores to their original status (before the read 
cycle). The read data bits are in the sense data latches 
(SDR) and serve as inputs to control the Z drivers. However, 
if this is a store new operation, 'store bit' lines from the 
interface set the SDR latches alongwith the control line 
'store new'. The 'store new' line causes the SDR latches to 
be reset,. prior to their setting with new data. If SAR bit 2 
was used for byte control on the readout, it is now used to 
generate store byte I or store by te 2 These two signals 
control the setting of the SDR latches U-S and °-17 respec- 
tively. SAR bit 2 selects only one oi these two by tes and 
the data contained in the other byte is gated back into 
storage. 



The BSM is an asynchronous unit, that is. once started, it 
runs independently . The (HI starts the storage cycle by 
issuing the read call write call signal. This turns on the 
timing control latch arid the read write latch. The read 
write latch Jfc%le fines this cycle as readout cycle. Late in' 
the readout cycle the set reset latch is^urncd on. though 
performing no function at this tune, y ensures that the , 
next read call write call resets the read write latch. 



Therefore, the following cycle is a write cycle. During the 
write cycle, the set reset latch will be turned off. forcing 
the following evele to be a readout cvcle. '" 



2-18 



The system must allow a minimum of 600 ns for each cycle 
to be completed and also must hold the SAR (address lines) 
active for both cycles. (Figure 2-l l » il K c l5ishows the cycle timings.) 
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figure 2-19. Storage Read/Write Cycle Tfrnings 

Storage Timer 

Each read call/write call signal turns on the tuning control 
latch. This starts the storage timer^which is a delay line 
tapped at 25 ns intervals. This timing control latch is 
turned off alter 225 ns, so the,duration of each delayed 
pulse is about 225 ns. These pulses are wired to AND 
circuits to provide timing signals. 



i Chained BSMs 



For early systems, 24K of storage has one 8K BSM chained 
to one 16K BSM, and 32K o! storage has two 16K BSMs 
chained together. By chaining a 32K BSM and a I6K BSM, 
48K of storage are created (Figure 2-20). <i R ( Uu By-chaining two 
32K BSMs, 64K bytes of storage are available. 

Chaining involves cabling a second BSM to the first BSM, 
adding or removing terminator cards, and removing the 
byfc control card from the second BSM. 
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Interface 



Store New • 



The BSM communicates with the system over a series of 
signal lines called the interface. All control signals, addres- 
ses, and data are transmitted, over this interface (Figure 2-21). 
(I R t IS) 



The 'store new' line resets the selected BSM SDR latches 
prior to it being set with new information at the beginning 
of a store cycle. 



Read Call /Write Call 



2nd BSM Select or SA R Bit 1 



Upon receipt of the first read call/ write call signal, the 
storage timer of the BSM starts. The BSM goes through 
one read cycle and stops. Upon receipt of a second read 
call/write call signal, the BSM goes through a write cycle 
and stops. The first cycle following a system reset is always 
a read cvcle. Thereafter, read and write cycles alternate. 



Reset 

The 'reset' line resets the storage timer latches which con- 
trol the read/write cycles in the BSM: it also resets the SDR 
latches. This signal is present during a power-on sequence 
and every CPU clock CD. 



For dual BSM 24K or 32K systems, this line is called 
'2nd BSM select'. When the line is active, the high address 
BSM (01 A-A4) is used, when it is inactive, the low address 
BSM(01A-B4)isus<?d. 

For HK or '1 6K BSMs, this" line ts not wired on the CPU 
board (01A-B3>and thus is always inactive. 

For 32K BSMs. this line is" called 'SAR bit 1" and is a"n 
address bit 



hah aits 

If a 32K single BSM is installed, 'SAR bit 1' mactive addres- 
ses segment A of the BSM or 'SAR bit I' active addresses 
segment B of the BSM. 
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SAR bit 2 is used for byte control. ' - 

SAR bits 3-) 5 supply the address to fhe BSM addressing 
circuitry. 

The SAR bit lines are active through both read and write, 
cycles. 



Store Bits 

Store bit lines provide data input to the SDR daring a. 
'store new' cycle. ,>. 



Sense Bits 

Sense bit lines carry the storage data out to the system. 
The lines become active within 450 ns after 'rd call/wr call" 
starts a read operation and remain active until changed 
either by 'store new' during the write operation or by the 
'reset' line which is active during CPU clock CD. 
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Figure 2-21. Storage Interface 
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Power Supply and Temperature Compensation 

• IX voltages tin- BSM ioi|u,u'\ +(A'. -4Y. oOV. 

• IX' voltages generated within the BSM +3V, -14V. 

• System airflow, cools the BSM- 

S / circuits use +3V (derived trom the +b\ input) -I4V 
(derived Itom the oOV mplit I generates sense amplifier 

current 

A special temperature compensated supply turnishes the 
oOV for the X. Y. and / drivers A thermistor near the 
core array senses the array temperature and sends any 
temperature variations to the -30V power sappiv I his 
input to the oOV supply regulates the voltage -""5 mV lor 
every 1' F temperature rise (-135 mV tor every I" C tem- 
perature rise ) 



When an 8K BSM is installed, there are nine SDR latches 
(one byte) available to be gated to the B register during a 
read operation. If a 16K or 3 ZK BSM is installed, there are 
1 8 SDR latches available, but onry one byte is gated to the 
B register (gated by SAR bit 2). If chained BSMs are used, 
there are SDR latches available in each BSM. During a read 
operation, '2nd BSM selected' selects one of the two BSMs 
and its SDR latches (Refer to DM 4-080 for storage data 
flow.) SAR bit 2 gaies nine of these SDR latches (one bytel 
to the B register. 

^unng a read operation, data flows from storage to the 
storage data register and then to the B register During a 
write (store) operation when 'store new" t, active, data is 
gated into the SDR latches from the ALT a: clock 5 
During a write operation i! 'siore new' is not active, all data 

. from the SDR latches is returned to storage 




- STORAGE DATA REGISTER (SDR) 

- All data read from or written into CPU storage (BSM) is 
stored »h the sense dafa latches which are in the BSM. 
These iense data latches are also calletiSthe storage dsita 
register (SDR) 

During a read operation, the storage strobe gates data read 
trom storage into the SDK latches. Characteristics of tet- 
nte inenmry cores and components var.\ in BSMs. therefore, 
the time that data is available to the SDR latches can vary 
The strobe pulse is adjustable to compensate for these 
variations. 



STORAGE AbDRESS REGISTER (SARI 

A two byte address contained in the storage address register 
(SAR) addresses maiwstot age. A sej^JLeAlacjIfeLaiJigev 
regjster-fbfiR) provides two bytes to the SAR each machine 
cycle to nerve as the address' A parity bit accompanies 
each bv te to provide an 18-bitSAR. All bits are not alwavs 
\ised. (See the trescrip'tiori of SAR hits ln'tiie.section 
"Interface.") 



B REGISTER 



Depending on the storage capacity installed, there is.a 
varying aipOunt of SDR latches (Figure 2-22) However, 
no mattjrfwhat the amount of SDR latches installed is. 
dunnya read operation, only 'one byte (nine, SDR lat-thes) 
is gated to the B register • " 



The B registei is «i one-byte builcr.to y,ate mtu'lhe ALU 
all data whicjt-rHe contents of the A register can modify . 
Th#data in the SDR is normally gated into the B register . 
every. lyachine cycle, but can he inhibited if the operation 
requires. During an 170 cycle, the attachment has control 
pf this gating 
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Figure 2-22. Sense Data Latch Requirements 



A REGISTER 

All fllHa-which modifies the contents of the B register jn 
the ALU is buffered, in-the one-byte A register. The mo-, 
.difier corner front the local stofigc tejustcT (LSR^, tfrc 
contiition register (CR), or from an I/O device on data bus 
in (DBI).. For nulrmal address modification, output of the 
LSRs are fed to the B register, and through ttio ALU while , 
the A register p/ovitlcd the forced modifier. 

All incoming I/O data is fed through tha, A register and into 
the ALU. There rs no other path for the I/O data to enter 
the CPU or main storage. 
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•ALU 

The ALU is a multiple function unit which receives infor- 
mation from the A and B registers and performs the follow- 
ing functions with the A and B register data: 

• Logical OR 

• Logical AND 

• Test for presence or absence of bits 

• Pass B register throu^i 

• Pass A register through 

• Binary subtract 

• Binary add 



• Decimal subtract 

• Decimal add 

The ALU operates on a full byte of information. Each 
register can supply either a full byte or one half of the 
byte depending upon the operation. The ALU is used four 
times during each machine cycle and is loaded each even 
clock CD time except (Figure 2-23). The results of each 
computation are available from the latches while the com- 
ponents within the ALU are starting wjfrh the next com- 
putation. 

The A and B registers, except the P bits, enter the ALU in 
parallel form and result in a single byte output. Each ALU 
position (bit 7 through bit 0) consists of a group of AND, 
OR, and exclusive OR blocks which give the correct output 
for the desired function. Because the parity of the result 
does not stay constant with the inputs, correct parity is 
generated for the results. 
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The output from the ALL' is sent to main storage, local 
storage registers, operation register. Q register, condition 
register, and data bus our The use of this output is covered 
under the individual operations 



AND/OR and Test Fals 

Figure 2-24 illustrates the AND OR and test false functions 
for a single bit position. Outputs from the test false lines 
are used to set the CR test false latch. These outputs depend 



upon the presence or absence of bits in the A and B 
registers and the active control line (AND or OR). Test 
false outputs are covered under the operations that use them. 

The AND function is a bit-by-bit comparison of the two 
registers and requires the same bit in each register to have 
that bit out. The OR function gives an output for any bit 
which is present in either register Figure 2-25 contains the 
outputs available through the use of the AND and OR con- 
trol lines. 
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Binary Subtraction 

Figure 2-26 shows a decimal comparison between the con- 
ventional method of subtraction and the type of sub- 
traction used by the System/3. Under the conventional 
method, whenever it is necessary to borrow from the next 
position, the minuend is effectively increased by 10 in the 
position where the subtraction is taking place and de- 
creased by 1 in the position that is borrowed from. For 
instance, when subtracting the 6 from the 4 in the units 
positions, after borrowing from the tens position, the units 
position of the minuend effectively becomes 14 Because 
of the borrow, the tens position is reduced to 1 . In this 
example, another borrow is necessary, so after the borrow 
the tens position of the minuend is effectively 1 1 and this 
method continues to the end of the problem. 
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I itiure 2-2^ Hinarv Subtract 



The same result is reached if, instead of reducing the min- 
uend by 1 after borrowing, the subtrahend is increased by 
I with a carry ( Figure 2-26). Thus, in the tens position 
of the example shown, the carry method effectively sub- 
tracts 5 from 1 2 instead of 4 from 1 1 as in tht/conventional 
method. 

Binary subtracting is done in the same way except for the , 
value of the borrows. Because decimal numbers have as- 
cending powers of 10, a borrow has an effective value of 
10. Similarly, since binary numbers have ascending powers 
of 2, a borrow has an effective value of 2. Figure 2-27 
illustrates this by subtracting the hexadecimal value B F 
from E/B. After subtracting the first two positions, it be- 
comes necessary to borrow in order to subtract the third 
position. This borrow has an effective value of 2 and the 



result of the subtraction is 1 . Using the carry method of 
subtraction, a carry to the fourth position gives the subtra- 
hend an effective value of 2. This forces a borrow from 
the next position which, when added to the minuend, 
gives it an effective value of 3 This method continues 
to the end of the problem. 

The minuend enters the ALU from the B register and the 
subtrahend enters from the X register (Figure 2-2H). 'I K Dm 
character is subtracted bit-by^oit. starting with bit 7 and 
continuing through bit 0. Carries from bit to bit are in- 
ternal but if there is a carry from bit it is held in the carry 
triggers until it is needed in bit 7 (Figure 2-2<S). 'I K inhi Figure 
2-2 ( > 1 1 R I'd? i illustrates the subtract function for a single bit position 
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Binary Addition 

Since the ALU is designed for binary subtraction, it is 
necessary to change the figures to be added in a way that 
will produce the correct results when they are subtracted. 
This is accomplished by complementing the A register and 
subtracting it from the B register. 

The A register complement figure is an exact binary com- 
plement. That is, a bit is replaced by no-bit and no-bit 
is replaced by a bit. In order to get a true complement 
figure, H is necessary to force a carry into the low-order 
bit of the first character. Figure 2-30 shows the method 
used to add the hexadecimal values 8 F h-'3 and 3 F 4 3. 

The ALU controls and circuits are the same as binary sub- 
tract except-tor complementing the A register and forcing 
a carry into bit 7 in the firs! cycle i Figure 2-3 1 ). 
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Since the ALU is a binary subtractor, it is capable of 
handling the binary representation of decimal numbers. 
However, because decimal numbers only use ( one-half of 
each byte, the ALU must be split in half to subtract them. 
Thus, a carry from bit 4 to bit 3 is used to set the digit 
carry trigger (Figure 2-32). 
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Subtraction is done in the same way as binary subtraction 
as long as the minuend (B register) is larger than the subtra- 
hend (A register) But. because the ALL' is capable of 
iandhng digits up to 15 (F in hexadecimal) and in this case 
the digits have a maximum value of 4. the ALU reaches an 
incorrect decimal result wVien it becomes necessary to bor- 
row from the next digit (A register larger than B register). 
This difference of 6 must be subtracted from the result in 
order to reach a correct result (Figure 2-33). The decimal 
correct circuits are activated by the carry from the bit 4 
position. Figure 2-34 shows the data flow for decimal 
subtraction and contains a table of the bit correction tor 
the legitimate decimal characters. 

Bits to 3 of the low order decimal character contains the 
sign of the field. The ALU output for bits to 3 is deter- 
mined by the sign control circuits and is covered under the 
individual operations 
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8- 3 

222 
B register 1000 
A register 001 1 

Carry 111 
Total 0101 

Not l'. 
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L 



A Larger than B 
* 3-8 



2 
B Re^ster 001 1 
A Register 1000 
Carry 

Total 1011 




Total 

Decimal Correct 
Carry" 


2 
1011 
0110 
1 


Corrected Total 


0101 



"Mathematical carry, not done by carry circuit 



J- mure .-?"■ Decimal C'orrectuin 




B Register 




ALU 

Latches 

7 through 4 



hE 



y 



r 1 
• Input 


Output 


Bits 


Bits 


| 4567 


4567 


1111 


1001 


i 1110 


1000 


1101 


,0111 


; 1100 


0110 


| 1011 


0101 


, 1010 


0100 


I 1001 


0011 


1000 


0010 


j dm 


0001 


0110 


oooo 
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Decimal Addition 

Decimal addition is similar to decimal subtraction in the 
same way binary addition and subtraction are similar. That 
is, to add decimal digits it is necessary to complement the 
A register and subtract it from the B register. 

However, since the characters being complemented are 
decimal, the binary equivalent of the 9's complement is 
used. Figure 2-35 gives an example of decimal addition. 
As in subtraction, if the complemented A register digit is 
larger than the B register, the result must be corrected 

~ if 

Figure 2-36 shows the decimal aJd data How with a table 
lor the 9's complement of the legitimate decimal digits. 
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Recomplement 

Decimal adding or subtracting under certain conditions 
produces a result which is a complement form of trje correct 
result. This requires a recomplement operation whereby 
the result is fed through the ALU a second time to change 
it to its true form. A recomplement is necessary if the 
operation is: 

• An add operation with unlike signs for the two fields 
and the ATield is larger than the B field. 



• A subtract operation with like signs for the two fields 
Mid the A field is larger than the B field. 

• A result is minus zero. » 

The need for a recomplement cycle is signaled by a carry 
from the high order position of the field. In the case of a 
minus zero result, the recomplement is signaled *by the 
condition register and. is covered under the decimal opera- 
tions. Figure 2-37 contains the data flow for recomple- 
menting. 
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Figure 2-38 illustrates the method used to recomplement. 
After subtracting 52 from 27, the ALU result is 75. To 
recomplement, the result is fed back through the B register 
and is decimal complemented before entering the ALU. The 
A register is set to 1 on the first cycle and is left blank each 
remaining cycle. The decimal complement of the A register 
is subtracted from the B register complement. A carry 
is forced into the first digit just as in regular complementing. 
The final result is the 10's complement of the original 
result. 



CHECK ALU 

Parity Generation and Parity Check 

Because the parity of the results does not stay constant 
with the inputs, correct parity is generated for the ALU 
output. After the data leaves the A and B registers, it 
can he altered by the decimal and binary complement 
circuits, the ALU, the decimal correct circuits, and the sign 
control circuits. The parity changes caused by all these 
must be considered when determining the parity of the 
ALU output. 

A second ALU, or check ALU, is provided to determine 
the parity changes which take place within the ALU (Figure 



2-39). (l R DID The check ALU does not have a latched output, 
decimal correction, orysign control, but otherwise performs 
similarly to the ALU. The output of the check ALU is a 
group of exclusive ORs which count the number of changes 
made to the B register complement after it enters the ALU. 

The check ALU output is then added to the changes rased 
by the B register complement, sign control, and the decimal 
correct circuits to determine if a P bit is required for the 
ALU. The output of the ALU is th*n checked to ensure 
that it has odd- parity . 

The A register complement circuits are checked separately. 
Incorrect parity from either the ALU or the A register 
complement circuits cause an ALU parity error (Figure 
2-39)" R Dili 



Carry Check 

An additfbnal set of carry triggers is used to control carries 
from the high order bit of the check ALU. The triggers 
function identically to the digit carry trigger and the 
temporary carry trigger used for the ALU. The outputs of 
the two carry control groups are then compared to check 
for the correct number of carries for the ALU (Figure 240). 
(l R Dili 
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LOCAL STORAGE REGISTERS (LSR) 



LOCAL STORE REGISTERS (BASE SYSTEM) 



The LSRs are a group of 9 bit registers (one byte plus parity) 
that serve as halfword address registers. They have the 
following primary functions: 

• Maintaining sequential instruction addresses 

• Maintaining current operand^ addresses during instruction 
v ' execution 

• Maintaining I/O data area addresses 

In addition, LSRs have tfee following secondary functions: 

r* 

• Index registers for modification of operand addresses 

• Interim storage for data, length count, and program con- 
dition status referred to as 'scratch pad' type* of storage 

Figure 2-41 lists the LSRs for the base system and available 
featujes. To read out data only 'select' is needed. To write, 
'data.', 'write hi or write lo' and *LSR select' are needed. The 
following is a list of the functions of the base system LSRs: 

Instruction Address Register -Used to keep track of the 
storage of the next sequential instruction byte to be read 
out of storage. At the beginning of each l-cycle, the address 
in the 1AR is gated into the SAR-to be decoded. • During » 
each I-cycle,.the contents of the IAR is incremented by-1 
in preparation for the next I -cycle. 

" A Address Register-The AAR keeps track of the storage 
address of the next byte to be addressed in the A field. 
During 1-cyclcs. the A field address is taken from the in- 
struction and loaded into the AAR. At the. beginning of 
each A-cycle, the address in the AAR is gated into the S%R. 
During each A-cycle, the contents of the AAR is decre- 

, mented by 1 in preparation for the next A-cycle. 



B Address Register-\he BAR keeps track of the storage 
Jddress of the next byte to be addressed in the B field. 
" During 1-cycles, the B field address is taken from the 
instruction and loaded into the BAR. At the beginning of 
each B-cycle, t$e address in the BAR is gated into the S\R. 
During each B-cycle, the contents of the BAR is normally • 
decremented by 1 in preparation for the next B-cycle. 

Index Register I and Index Register 2- These registers can 
each store a two byte address to be used in indexing oper- 
ations. During an indexing operation, the CPU automatically 
adds the single byte displacement from the instruction to 
the contents of XR1 or XR2 to obtain the actual B or A 



LOCAL STORE REGISTERS (BASE SVSTEM) 
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Prog Level 1 Address Recall Reg 


P1 


- ARR 


A Address Reg 




AAR 


Spare 




SPARE T" 


Prog Level 1 Index Reg 1 


PI 


- XR1 


Prog Level 1 Status Reg* 


PI 


- PSR 


B Address Reg 




BAR 


MFCU Print Data Address Reg 




MPTAR 


Prog Level 1 Index Reg 2 > 


P1 


- XR2 


Line-Printer Data Address Reg 




LPDAR 


Line Printer Image Address Reg 




LPIAR 


MFCU Punch Data Address Reg 




MPCAR 


MFCU Read Address Reg 




MRDAR 


Length Count Reg LCR Data Recall Reg 




DRR 


Interrupt Level 1 Instr Address Reg 




IAR- 1 


Interrupt Level 1 Address Recall Reg 




ARR- 1 



PSR Lo is used 8s the Condition Recall Register, CRR; 
PSR Hi is used as the Length Count Recall Register, LCRR. 



LOCALSTORE REGISTERS (FEATURE 1) 



01 


Prog Level 2 Instr Address Reg 


P2-IAR 
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Prog Level 2 Address Recall Reg 


P2-ARR 
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Bi-Sync Comm Adapter Address Reg 


ASCAR 


04 


Serial I/O Channel Address Reg 


SIAR 


05 


Prog Level 2 Status Reg* 


P2 - PSR 


06 


Interrupt Level 4 Instr Address Reg 


IAR -4 


07 


Interrupt Level 4 Address Recall Reg 


- ARR-4 


08 


Disk File Control Address Reg 


DFCB 


09 


Prog Level 2 Index Reg 2 


P2*9CR2 
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Spare 


SPARE 4 


11 


Interrupt Level 2 Instr Address Reg 


IAR-2 


12 


Interrupt Level 2 Address Recall Reg 


ARR- 2 


13 


Disk File Data Address Reg 


DFDR 


14 


Prog Level 2 Index Reg 1 


P2- XR1 


15 


Interrupt Level Instr Address Reg ' 


IAR-0 


16 


Interrupt Level Address Recall Reg 


ARR-0 



LOCALSTORE REGISTERS (FEATURE 2) 
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Spare 


Spare 


Interrupt Level 3 Instr Address Reg 


1AR-3 


Interrupt Level 3 Address Recall Reg 


ARR-3 
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field address. The contents of the index registers is not 
changed as a result of the addition. The resulting address 
is placed in the BAR ox the AAR 

Address Recall Register-On a branch instruction, the ARR 
contains the 'branch to' address. On a decimal instruction, 
the ARR retains the starting address of the B field in the 
event recomplementing is required. On an insert and test 
characters instruction, the ARR contains the address of the 
first significant digit encountered. 

Length Count Register-TUe LCR is a one byte register that 
contains the length count of the B and A fields. It gets ■' 
decremented by 1 on each B-cycle except the first one. 



Data Recall Register-The DRR is a one byte register that 
provides temporary storage far the data character reaefcout 
of storage during each A-cycle. It is also used to store the 
Q code of single address instructions". 



Program Status Register-The high byte of the PSR is used 
as the length count recall register (LCRR). The LCRR 
is used only during a recomplement operation. It stores 
the length of the data fields and is decremented on each 
recomplement cycle except the first. The low byte of the 
PSR is used as the condition, recall register (CRR). The 
CRR is used to store the contents of the condition register 
when changing program levels (used only with dual pro- 
gramming). 



MFCURead Data Address Register-The MRDAR keeps 
track of which storage position is to be addressed next 
while reading data from a card into the card read_area in 
core storage. 



MFCU Punch Data Address Register-The MPCAR keeps 
track of which storage position on the MFCU print data 
area is to be addressed next during a punch operation. 



MFCU Print Data Address Register-The MPTAR keeps 
track of which storage position in the MFCU print data 
area is to be addressed* next during an MFCU print operation. 

Line Printer Data Address Register-The LPDAR keeps 
track of which storage position in the line printer data 
area is to be addressed next during a print operation. 



Line Printer Image Address Register-The LP1AR keeps 
track of which storage position in the chain image area 
is to be addressed next during a print operation of the 
line printer. 



Interrupt Level /-The IAR-1 contains the address of the 
next sequential instruction byte to be read out of storage 
during an interrupt level 1 operation. 



B 



Interrupt Level 1 Address Recall Register- The ARR- 1 
has the same function as the ARR, but is active only during 
an interrupt level 1 operation. 

The registers are paired ( Figure 2-42) 1 1 R D 1 4 1 to give an LSR Hi 
(the high-order byte) and an LSR Lo (the low-order byte). 
Only one byte can be written into an LSR at a time. To 
write into an LSR, it is necessary to activate the select 
line for a pair of registers and the 'LSR write Hi' or 'LSR 
write Lo'. All 18 bits for the LSR selected are available at 
the output of the LSR array. These bits can be gated to the 
SAR (18 bits), the B register (9 bits), and the A register 
(9 bits) for modification of the addresses in these registers. 

DM 4-070 shows the circuitry for the LSRs. 

LSR select and write lines are normally controlled by the 
CPU. However, during an I/O cycle, the I/O attachment 
can control the select lines for the LSR assigned to it. 

DM 4-072 shows the LSR select circuitry and DM 4-076 
shows the LSR select I/O circuitry. 
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FTgure 2-42. Local Storage Register Array 



OP REGISTER 



.y 



Op codes of the CPU are eight bits wide and are stored in 
the' op.re'gister. The op codes are sent to the op. register 
from main storage through the SDR, the B register, and 
the ALU. Decode of the op register is performed to de- 
termine which instruction the machine should execute. 
When an I/O instruction is decoded, the I/O attachments 
receive this information through signal lines which are a 

Q REGISTER 

Each instruction includes a Q byte which generally serves 
to extend or modify then>p code. During the execution 
of an instruction the Q byte is stored in the Q register. This 
register is loaded through the same data path as the op 
register and its output is decoded to determine the necessary 
information for the CPU to execute the instructions. During 
I/O instructions the Q register stores the Q byte, but each 



I/O device also receives the Q byte from the ALU output 
on DBO at the same time. The CPU does not use the Q 
byte of the I/O instruction even though it is stored in the 
Q register. 



CONDITION REGISTER (CR) 

The condition register is a six bit register which contains 
the six conditions oih which the system may test as a result 
of instruction execution. These six bits are tested as 
follows: 



7 
1 

x 
x 

X 
X 

X 



£qual condition- 
jw condition . 
High condition 
Decimal overflow condition 
Test false condition 
BinaVy overflow condition 
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The equal, low, high, and binary overflow conditions reflect 
the result of executing the last instruction which affected 
them (one of the following): 

• Add zoned decimal 

• Zero and add zoned 

• Subtract zoned decimal 

• Edit 

• Compare logical characters 

• Add logical characters 

• Subtra'ct logical characters 

• Add to "register . 

• Compare logical immediate 

The decimal overflow or the test false condition is set by 
the first instruction which, results in that condition and- 
ean be reset by one of the following: 

• Branch on condition 

• Jump on condition 



• Load register (PSR) instruction (loads the respective bit 
position to zero) 

• Systern reset 

System reset initializes the condition register to: 

• Equal condition 

• Not overflow condition 

• Not test false condition 

Loading of the condition register may be from the ALU 
output, but normally the bits are set individually in the 
latches by. the CPU logjc as a result of instruction execution. 
When the CR contents is needed for program testing, its 
output is fed to the A register and into the ALU. 

The lower six bits of the program status register (PSR) , 
contain the image of the condition register for the specific 
program level. PSR is used to save and to initialize con- 
dition register settings of the individual program levels. 

Figure 2-43 shows the condition registetseMifigs. 

The conditions of the I/O attachment logic are stored in 
registers in the attachment and do not affect the state of 
the condition register. 
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Figuxe 2-43. Condition Register Settings 
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I/O INTERFACE 

The CPU acts as a controller for all 1/0 devices operating 
over a single I/O attachment interface. The I/O devices 
operate in a cycle steal mode over an interface called 
input/output channel (I/O channel). 

The I/O channel consists of: 

1 . A set of powered signal lines which carry information 
to and from the CPU, and 

2. Logic to establish cycle steal priorities. 

The following priority is assigned to the devices using cycle 
steal: 



12. MFCU Print 

13. Spare 

14. Spare 

1 5 . Spare 

16. Spare 
• 17. Spare 

18. Spare 

F 

19. §pare 

2 

20. Disk File Control 



I. 


Disk File Read/Write 


2. 


Spare 


3. 


Printer 


4. 


siqc 


5. 


Spare 


6. 


BSCA 


r. 


" MFCU Read and Punch 


8. 


Spare 


9. 


Spare 


10. 


Spare 


11. 


1442 



This priority assignment makes it possible for the interface 
to operate on a time sharing basis without ttie need for 
I/p buffers. Once a cycle steal request has been granted, 
the attachment has complete control of the CPU for that 
cycle. r 

DM 4-100 shows the I/O interface lines. 



DBI Translator 



The DBI tKjnslator is used during clock 2 and 3 time to 
translate the^6-column card code into EBCDIC. The 
translator is not used in every I/O cycle and if the 'translate 
in' line is inactive, the I/O data ft transferred to the A 
register unchahged. Figure 2-44 ■ I R D 1 7 1 shows a 'translate in' con- 
version table. - 



DM 4-060 shows the circuitry for the DBI translator. 
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Figure 2-44. DBI Translator 
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DBO Translator 

The DBO translator is used during clock 4 and 5f time to 
translate ALU data (EBCDIC) to"96-column Card code, The 
DBO translator is not u,sed during every I/O cycle and if the 
'translate out' line is inactive, the data is transferred to the 
I/O attachment unchanged. Figure 2-45 shows a 'translate 
f out' conversion table. 

DM 4-065 shows the circuitry for the DBO translator. 
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Figute 2-45. DBO Translator 
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Chapter 3. Theory of Operation 



TWO ADDRESS INSTRUCTION 
I -Cycles 

• Load operation code into op register. 

• Load code into register, LCR, and LCRR 

• Load B field address into BAR. 

• Load B field address into ARR for decimal instructions 

• Load A field address into AAR. 



clock time (Figure 3-1 ) the contents of the JAR are 
transferred to the SAR. The operation register byte is then 
read from core storage and enters the SDR 

During clock 3 and* 4 times the byte is transferred through 
the B register and is latched into the ALU output (Figure 
3-2). At clock 5 time the latched ALU output is then 
stored in the op register. Read call/write call stores the 
SDR contents back into the same core.storage location to 
regenerate the operation character. 



When performing 'two address instructions, the following 
information must be known: 

1 . What is the operation ' 

2. Where are the fields located'' 

v 

3. How long are the fields or is there any special con- 
sideration that must be given them ' 

1 -cycles are used to load the various ctVtrolling registers 
with this information. 
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figure 3-1. Instruction ("v. cle- Storage Addressing 



First, an I-op cycle transfers the operation code from main 
storage to the op register. For two address instructions, 
?he code generally contains the length count for the fields. 
The only exception to this is the move hex Character oper- 
' ation in whichHhe Q code controls- the data flow. Differences 
in Q code use are covered undeMfie individual operations. 
However, in all cases an I-Q-Cycle Toads the Q code into the 
Q register, the LCR, ajxTthe LCRR. 

Two cycles, bHl and I-Ll , are used to load the B field 
addressjattf the BAR. For decimal instructions, the B field 

is also loaded into the ARR If indexing is used, 
a single J-Xltfycle replaces the 1 HI and l-Ll cycles. 

An 1-H2 mA I-L2 cycle load the Afield address into the 
AAR. Trre A field address can also be indexed by replacing 
the 1-H2 and I-L2 cycles with a single I-X2 cycle. 



I Op Cycle J 

The first s«p in an I-op cycle, as in all cycles, is to address 
the core Storage location to be used during that cycle. At 



Mam 


S 




6 


Storage 


D 




Register 




R 














Gate SDR To B 







igure \l. 




Load Op Register 



Storage to Op Register Data I low 



5410TO 3-1 



E02 



The rest of the cycle is then used to increment the IAR so 
that the next instruction position can be addressed. Figure 
3-3 shows that a 1 is added to the IAR contents. Two steps 
are required because of the possibility of a carry from the 
low order to the high order position. «. 

DM 5-010 contains the circuit description. 



I-Q Cycle 

The I-Q cycle is the same as an I-op cycle, except that the 
code byte is stored in the LCR. the LCRR. and the Q 
register (Figure 3-4). il K I iui The IAR is incremented in the same 
manner as for an I-op ey-de (Figure l-?>). 

DM 5-010 contains the circuit description 
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Figure 3-3. Incrementing IAR 
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1 igure 3-4. 1 -Q Cycle-Storage to Registers Data I low. 




I HI and III Cycles 

I-Hl and l-Ll cycles are the same as the 1-op and l-Q 
cycles except that the data bytes. B field address, are stored 
in the BAR. During the I-Hl cycle, the first byte is sto/ed 
in the high order position of the BAR (Figure 3-5 ) The 
following cycle, I-L.l , stores the second byte in the low order 
position of the BAR For decimal instructions, the bytes 
are also stored in the ARR 

DM 5-030 contains the circuit description. 



I-H2 and I-L2 Cycles 

I-H2 and I-L2 cycles are the same as I-Hl and l-Ll cycles 
except the address bytes are store'd in the AAR. 

DM 5-030 contains the circuit description. 
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I igure 3-5. l-Hl Cycle-Storage to BAR High 
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Indexing 

The need tor I-X cycles is determined bv the bit structure 
of hits through 3 of the operation register. An I-Xl 
cycle results from the presence of either bit or bit 1 . but 
not both, an I-X2 cycle from either bit 2 or 3. but not both. 
The bit winch is present also determines the index register 
used (Figure 3-6) 
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During an I-K.1 cycle the IAR is selected and loaded into 
the SAR in the same manner as for other instruction cycles. 
At clock 3 time the low order position of the selected index 
register is entered into the A register (Figure 3-7). The 
address byte is read from main storage and is gated from 
the SDR to the B register. The two bytes are then added 
in the ALU. At clock 4 time, the index register is dropped 
and the BAR is selected Trie ALL' contents are then 
written into the low order position of the BAR. If a carry 
results from the computation, it is added to the high order 
position of the BAR during clock 7 and 8 time (Figure 3-8). <' •< ! " M 
The high order position of the selected index register is 
gated into the B register and added in the ALU At clock 
8 time thcresults are written into the high order position 
oft he BAR. If the operation is a decimal or branch oper- 
ation, the results are also stored in the ARR An 1X2 cycle 
operation is the same as an I-Xl except that the results are 
written in the AAIJ,. > 

Since clock 7 and 8 times are normally used to increment 
the high order position of the IAR, the incrementing se- 
quence is changed for an I-X cycle. Because the high order 
position of the IAR can be affected only by a carry from 
the low order position, the CPU looks ahead to determine 
if a carry will be needed. During clock 1 and 2 times the 
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low order of the IAR is decoded to determine if it con- 
tains F F (Figure 3-^). If it does, a one is loaded in the A 
register to substitute for the carry. The high order position 
of the IAR is entered into the B register and the two aie 
added in the ALL'. The ALL' results are then loaded in the 
high order position of the IAR. At clock 5 and t> time the 
low order position of the IAR is incremented in the normal 
manner. 

DM 5-040 contains the circuit description. 



the particular operation, to determine what to do with 
each bv te. 

The B cvcle operation is covered under the individual 
operations but sir.ie the A c> cle data flow is the same, 
regardless of the operation, it can be covered as a separate 
topic. Some operations require the condition register to 
be resiM to equal during the first A cvcle and some require 
the use of sign control for the A field character, but the 
basic data flow remains the same 



Execution Cycles 

ai a 

placed into main storag4fc"tw o c> cles per b\ te are required 
when controlling data between two different storage- 
locations. During the A cycle, the A field byte is removed 
from storage and retained. The B cycle is then used to 
remove the B field bvte from storage and. depending upon 



A Cycle 

• Store A field bvte in DRR 

The fir it step in an A cvcle. us in all cvues. is to jddress 
the core storage location to be used during that cycle 
At clock time the contents of the AAR are transferred 
to the SAR in the same manner that the IAR was transferred 
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I igure 3-Id. A<"> vie Storage to DRR Transfer 



No data is transferred during clock 1 and 2 timfs as the 
CPU waits for the data to read from core storage and enter 
the SDR. Dunne clock 3 and 4 times trie byte is trans- 
ferred through the B register arid ALL and stored m the 
DRR (Figure 3-10). At clock 5, 'read write pulse" stores 
the SDR contents back into the same cote storage location 
to regenerate the A field character 



The rest of the cycle is then used to decrement <hc AAR s;> 
that the next position of the A field can be addressed if 
necessary . Figure 3-1 1 shows that a 1 is subtracted from 
the AAR Two steps are require! because of the possibility 
of 3 carr\ from the low. order to the hi^h order position 



Refer to the operation fiowchaits in the IBM 5410 Pro- 
cessing Unit D\avam<.. SY3 1-0202. for the circuit 
description 
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Add Logical Characters— ALC 

• Binary add A field to B field data. 

• A and B fields are same length (Q code plus 1 ). 

The add logical characters operation adds the A field data, 
one byte at a time, to the B field data. The entire A 
field byte (bits 7 through 0) is binary added to the B field 
byte. The operation begins with the low order position 
of each field and continues until the high, order position 
is reachai. Both fields are the same length, which is 1 more 
than the Q code. ' %. 

The CPU performs the add logical characters operation 
with a series of A and B cycles. First an A cycle removes 
the first A field byte from storage and retains it in the DRR. 
Then a B cycle removes the first B field byte from storage., 
adds it to the A field byte, and^tores the result in the B 
field units location. The next A field byte is then added 
to the second B fie-ld byte through the same process, and 
so on to the end of the field. 



l \ 



CPU enters into a B cycle. The BAR is selected and loaded 
into the SAR in the same manner that the IAR was trans- 
ferred (Figure 3-1).<i K i<)2> 

T»he B field units byte is read from storage and is loaded 
into the B register. The A fiefcf byte is transferred from 
the DRR to the A register and the two bytes are binary 
added in the ALU (Figure 3-1 2). Store new enters the 
result into the SDR and read call/write call then writes the 
new data into the B field units storage location. 

The BAR is then. decremented in the same manrwr that 
the AAR was decremented. The Q register is tested to 
seCiTthe end of the field has been reached (blank Q register). 
K the Q register is not blank, the CPU takes another A 
cycle and another B cycle to add the next characters; if the 
Q register iSblank, the 'op-end' trigger is turned on and the 



operation ends. 



; 



After the first A field byte has been stored in the DRR and 
the AAR has been decremented (refer to A cycle), the 



During clock 1 and 2 of each B cycle, except for the first, 
the LCR is decremented (Figure 3-13). il K I HiiThe LCR contains 
the field length which was stored there during the 1-Q cycle. 
The result, which is latched into the ALU at clock 2CD time, 
is loaded into the Q register at clock 3 time. By not de- 
crementing-the LCR on the first B cycle, the field length 
becomes 1 more than the Q code. 
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Figure 3-13. Decrementing Length Count-Equal Length Fields 




An additional function of the add logical characters oper- 
ation is to set the condition register. Figure 3-14 shows the 
condition register settings and the significance of each result. 

During clock 1 and 2 of the first B cycle of the operation, 
the condition register is reset to equal. During each B cycle, 
after computing the A and B field data at clock 3 and 4 
time, the ALU output is sampled. If the ALU output is all 
^eros, the condition register remains set to equal. However, 
if an ALU output occurs during any B cycle the result can 
no longer be equal and the equal condition is reset. 



Once the equal condition has been reset the final high or 
low setting of the condition register is not determined until 
the last B cycle of the operation. In the meantime, because 
of the machine circuitry, a CR high condition will be in- 
dicated. During the last B cycle (Q register all zeros) if a 
carry results from the computation, the CR is set to low; if 
no carry occurs the condition register remains set to high. 

If there is no cairy from the high order position, the CR 
binary overflow condition is also set. This is an indication 
that the result is too large to be contained in the B field. 
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DM 5-080 contains the circuit description. 



54 10 TO 3-9 



EIO 





Gate SDR To B 












Gate LSR Lo Normal To A <DRR> 








■ 














B 
Register 


■Mi 


i r 


A' 
Register 








Main 
Storage 


S 

D 
R 




Store New 




I \ 










T T 






\ 


\ / 




\' 








v, 


i , / Binary Subtract 




/ 




nr 




CR 










Select DRR and LCR 


LSR 

Hi 


LSR 

Lo 








- 




L 


















* 





Figure 3-15. Subtract Logical Operation-Subtracting Characters 



Subtract Logical Characters-SLC 

• Binary subtract A field characters from B field characters. 

• A and B fields are the same length (Q code plus 1 ). 

The subtract logical characters operation is the same as 
the add logical characters operation except that the A field 
data is subtracted from the B field data (Figure 3-15). 
Figure 3-16 shows the significance of the CR settings. Al- 
though the settings have a different significance, the CR 
is set in the same manner as in the add logical characters 
operation, except the binary overflow is not set on. 



DM 5-080 contains the circuit description. 



Compare Logical Characters-CLC 

• Compare A field data to B field data. 

• A and B fields are the same length (Q code plus 1 ). 
During the compare logical characters operation, the CPU 
compares the two fields by binary subtracting the A field 
data fipm the B field data^The operation is the same as 
a'subtract logical operation except that the results are 1 not 
entered into storage (Figure 3-17). <l R i '-> Instead, the A and 
B fields remain unchanged by the operation and the ALU 



resujj»are used merely to set the condition register ^Figure 
3-16). 

DM 5-080 contains the circuit description. 

Move Characters-MVC 

• Move A field characters to B field location. 

• A and B fields-are the same length (Q code plus 1). 

The move characters operation moves the A field data, one 
byte at a time, into the B" field location. The operation begins 
with the low order position of each field and continues 
until the high order position is reached. 

The operation is the same as add logical characters, except 
that the B field character is not loaded into the B register 
(Figure 3-1 8). < ' R I 1 2i With the B register blank, the operation is 
the same as adding the A field to zero. 
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The AAR, the BAR, and the LCR are decremented the 
same way and the operation ends in the same manner (Q 
register all zeros). However, the condition register setting 
is not changed. 

DM 5-080 contains the circuit description. 



Add of Subtract Zoned Decimal- AZ-SZ 

cimal add A Held data to Wield data for add in- 
duction with like signs and subtract instruction with 
inlike signs. 

Decimal subtract A field data from B field data for 

add instruction with unlike signs and subtract instruction 

with like signs. 

• Signs are in zone portion of low order bytes. 

• Length of A field is a numeric portion of Q code plus 1 . 

• B field is longer than A field by amount in zone portion 
of Q code. 

Although the add zoned decimal and subtract zoned decimal 
operations have different operation codes, the execution of 
each operation is the same depending upon the signs of the 
two fields. For instance, an add instruction with unlike 
signs Tor the two fields (I minus and 1 plus) actually sub- 
tracts the A field from the B field. Likewise, a subtract 
instruction with unlike signs actually adds the A field to 
the B field. In either instance, the operations are .the same 
except for the add or subtract function of the ALU. 

The operations begin with the low order position of each 
field and continues until the high order position of the B 
field is reached. First an A cycle remoyes the first A field 
byte from storage and retains it in the DRR. Then a B 
cycle removes the first B field byte from storage, transfers 
it to the B register, and adds or subtracts the registers in 
trie ALU. This process continues until the end of the A 
field, which can be shorter than the B field, and then B 
cycles continue to the end of the B field. 

If the result is in true form, nothing more needs to be done 
with it. But if the result is in complement form, the result 
must be recomplemented. Results are in complement form 
when: 

• Operation has a subtract function (no A register com- 
plement) and the A field is larger than the B field. 

• Result is minus zero. 



Recomplement begins with the low order position of the B 
field and continues to the high order position. Continuous 
B cycles remove the bytes from storage and recomplement 
therein the ALU. 



The numeric portion of the Q code plus I is the length of 
the A field. The B field is longer than the A field by the 
amount in the zone portion of the Q code. 

After an A cycle has stored the first A field byte in the 

DRR and the AAR has been decremented the CPU enters 

into a B cycle. During the B cycle, the first B field byte is 

read from storage and is loaded into the B register. The 

A field byte is transferred from the DRR to the A register 

and, depending upon the operation code and the signs of 

the two fields, the two bytes are either decimal added or 

subtracted in the ALU (Figure 3-19). il R I 14) Store new enters the 

result into the SDR and read call/write call writes the new 

data into the B field storage location. 

The BAR is decremented and the Q register is tested to see 
if the end of the A field (Q register numeric portion all 
zeros) or if the end of the B field (Q register all zeros) has 
been reached. If the numeric portion of the Q register is 
not all zeros, the CPU takes another A cycle and another 
B cycle to add or subtract the next characters. If the 
numeric portion is all zerps but the zone portion still con- 
tains bits, 'EA eliminate' is activated to block A cycles * 
and the CPU takes a B cycle. 

If the Q register is all zeros, a check is made to determine 
if the total is in true or complement form. If the operation 
function is decimal subtract (A register not complemented) 
and a carry occurs from the high order byte, 'recomplement 
cycle' is activated to start recomplementing. Under all 
other conditions, except a minus zero result, the 'op-end' 
trigger is turned on and the operation ends. A minus zero 
result, which is also recomplemented, is determined by the 
CR setting and is covered later. 

During clock 1 and 2 of each B cycle, except for the first, 
the LCR is decremented (Figure 3-20). il R t 14) The LCR contains 
the length count which was,stored there during the I-Q 
■cycle. The result, which is latched into the ALU at 2CD 
•' time, is loaded into the Q register at clock 3 time. Until the 
Q register numeric portion is all zeros, the LCR is de- 
cremented with a 7 bit; after the numeric portion is all 
zeros, decrementing is done with a 3 bit (Figure 3-20). 

(1 R 1.141 

During each A and B cycle, 'sign control' is activated to 
provide the EBCDIC code for the sign of each field. The 
sign is in bits 0-3 of the first byte of each field. EBCDIC 
sign for minus is 1 10J and for plus is 1111. Th'e CPU also 
recognizes the ASCII-8 code for minus (101 1) but 'sign 
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Figure 3-19. Add or Subtract Zoned Decimal-Add or Subtract Characters 
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control' changes this; to EBCDIC." After the first byte of 
each field, "all zone bits (1,1 1 1) are provided for each 
character During tKe firft b cycle, the sign of the B field is 
entered into storage; / 

During clock 1 and/ 2 rffthe first A qycle, the condition 
register is reset tcyequpl. Then in the first B cycle, the 
'CR lo/hi' latch i set/by the jesult sign flo for minus, hi 
for plus). However Jif no nurheric output occurs from the 
ALU (all zeros/, the/condition register remains Jet to equal. 
If, during any B cyfle, a non-zero ALU output occurs, the 
result can no /ongef be equal and the equal condition is 
reset. The se/tingfcf the 'CR lo/hi' latcn is then used to 
determine thfe CRpejtfing. 

:' r 

If the CR equal condition has not been reset before the 
last B cycle and t^e 'CR lo/hi' latch is set to lo (minus) 
the result is minus zero. All zero results are considered 
plus so 'recomplement cycle' is activated to recomplement 
the resu'ts. / 



Recomplement 

Addressing for recomplement cycles is.controlled by the 
ARR which contains the low prder address of the B field 
"^ (refer to l-HI and I-Ll cycles). The ARR is decremented 
each recomplement cycle in the same manner that the AAR 
and BAR are decremented in other operations. 

'EA eliminate' is active through the entire recomplement 
operation causing continuous B cycles. Each byte is read 
from Storage and loaded into the B register (Figure 3-22). 
The A register has a 1 forced into it on the first recom- 
plement cycle and is left with all zeros for the remainder of 
the cycles. Both the A and B registers are decimal com- 
plemented. 

The length of the field is determined by the LCRR which 
was loaded during the I-Q cycle. Decrementingiof the 
LCRR is the same as for the LCR in a decimal 4dd or 
subtract operation (Figure 3-20). il K I 14i . «. 



If the operation is an add function (decimal complement 
A register) and no carry occurs from the high order position, 
the CR decimal overflow condition is also set. This is an 
indication that the result is too large to be contained in the 
B field. Figure 3-21 shows the significance of all the CR 
settings. 

DM 5-100 contains the circuit description. ■* . 
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Figure 3-23. Zero and Add Zoned-Adding Characters 



The Q register is tested each cycle to see if the end of the 
field has been reached (all zeros in the Q register). When 
the Q register is all zeros,. the 'op-end' trigger is turned on 
and the operation ends. 

Because recomplement is necessary only when the A field 
is larger than the B field or the result is minus zero, 'sign 
control' is activated to reverse the sign of the result. The 
'CR lo/hi' latch is reset on the first cycle and the CR setting 
is determined in the same way as during decimal add or 
subtract. 

DM 5-100 contains the circuit description. 

Zero and Add Zoned— ZAZ 

• Decimal add A fiefd data to zeros and'place result in 
B field. 

• B field is longer than A field by amount in zone portion 
of tha,Qcode. 



The zero. and add zoned operation is similar to an add 
zoned decimal operation except the functiqn is always add, 
without consideration of the fields signs. Another difference 
is that the B field characters are not loaded into the B 
register (Figure 3-23). With the B register all zeros, the 
operation is the same as adding the A field to zero. The 
only other significant difference is that the A field sign is 
entered as the sign of the result instead of the B field sign. 

The address registers and the LCR are decremented the 
same way and the operation ends in the same manner. 
Recomplementing is not necessary unless the result iyminus 
zero. The CR settings are shown in Figure 3-21 . <l R H5i 

DM 5- 100» contains the circuit description. 

Edit-ED 

• Replace hex'2/0 in B field with A field data. 

• Skip other characters in B field leaving them as they 
were. 

• Length of B field is Q code plus 1 . 
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B field byte.from storage, transfers it to the B register, 
and checks to see if the character is a replaceable character. 
Only a hex 2/0 is'recognized. If the character is 2/0, the* 
A field character is stored in that location* if the character 
is not 2/0, the A field character is retained and the next B 
field character is checked. 

The Q code plus 1 is the length, in bytes, ofthe B field. 
The A field characters are assumed to be decimal numeric, 
and their zone portions are all set to F before entering them 
into the B field. However, the sign of the A field before 
the operation is used to control the setting of the condition 
register. Figure 3-25 shows the significance of the condition 
register settings. 

After ah A cycle has stored the first A field byte in the 
DRR", the CPU enters into a B cycle. During the B cycle 
the A field byte is transferred from the DRR to the A regis- 
ter. The first B fiehi byte is read from storage and is loaded 
into the B register. The 'AND' and 'OR' lines are activated 
to move the A register bvte through" the ALU (Figure 3-26). , 
♦1'R \ 18) The B register is checked to see if it contains the 



the B field units storage location/ Sirrce the A field byte 
was stored, the machine / takes / anot^er A cycle to read out_^ 
the next A field chara/ter and store it in the DRR. 

If the B register byfejwa's not 2/0, the ALU output is not - 
entered into the SDR and the B register byte is regenerated 
back into main storage ,..it\ this case, 'EA eliminaie*is 
activated, the A field byte is retained in the DRR, and the 
machine takes^nother B cycle to read the next B field byte 
from storage. 

.^During each B-cycle, except the first B-cycle, the LCR is 
decremented- The LC^R contains the B field length count 
which was stored there dwing the I-Q cycle. The result, 
which is latched into the ALU at clock 2CD time, is loaded 
into the Q register at clock 3 time. 

The Q register is tested each.B cycle to see if the end of the 
field has beeti reached (all ze*ros Q register). If the register 
is^ all zeros, the 'op end' trigger is turned on and the operation 
e'hds. By not decrementing the LCR on theTirst B cycjtff the 
B field length becomes one more than the Q code. 



Figure 3-27 <l R l I8i shews the cycles requited to complete a typical 



character 2/0. If it does, 'store new' 



enters the ALU result into edlt Ration. During the first A eye 



the SDR and 'read call/wtite call then writes the new data into 
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x = Replaceable Character (2/0) 





Figure 3-24-^-Cdit 



order byte, in this case a 5, is storerHn the DRR. During 
the following two B cycles, as the asterisk and space are 
read from storage, the 5 is retained in the DRR. On the 
third B cycle, when th£ replaceable character is read from 
storage, the Replaces the 2/0 in the B fielaHocation. 
Another A cycle follows to read out theaext A field char.- 
acter, and'so on until the 1 length count is reduced to zero. 

During clock 1 and 2 of the first A cycle, the condition 
register is set to equal. The sign of the A field (which is 
contained in the zone portion of the low order byte) is 
checked while the byte is in the B register. If the sign is 
minus the CR low latch is turned on; if not the latch is 
left off. During each B cycle, after computing the A and B 
data at clock 3 and 4 time, the ALU output is sampled. If 
the ALU output is all zeros, the condition register remains 
set to equal and the equal condition takes precedence over 
the sign of the field. However, if an ALU output qccurs 
during any B cycle the result can no longer be.eq^ial and 
the equal condition is reset. 
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I igure 3-26. hdit-New Data to Storage 
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x = Replaceable Character,(2/0I 



Afield / 090715 

B field before etiiy x.xxx.x ' 
B field after edjr'', 0,907 .15 • 
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Note: Smce the A and B registers are, loaded each odd CD clock time, the 
figured shown apply onlyyto' clock ^and 4 time when the main storage data 
ivHeing analyzed. / ? 



Figure 3-27. Edit Cycles 
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